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ABSTRACT  
Since the 1980’s, education had to face various challenges such as new technologies, new ways of 
information gathering but also a reconsideration of conventional educational approaches. As a result, 
more emphasis has been placed on laboratory work in school science. In many industry nations, this 
trend was likewise bolstered by unexpected poor results in international comparative assessments 
(e.g. PISA, TIMSS), as well as students’ poor perception of science and, in relation to that, negative 
effects on career choices. To combat this growing trend, in Germany many out-of-school science 
laboratories were established in the recent years to foster interest in science. However, despite their 
positive temporary effects, approaches to increase effects or to develop long term positive changes 
are in demand.  
This research investigates how the out-of-school laboratory effects are affected by a preparation and 
post enhancement based upon previous studies. Therefore, an online portal was developed which 
provided cognitive and affective content in order to prepare and post enhance students for their visit 
in an out-of-school laboratory. The research-based study was aimed at students from grade 10 of lower 
and upper secondary level who perform one-day experimental activities at the out-of-school 
laboratory located at the Helmholtz-Zentrum Dresden-Rossendorf research center. In doing so, a 
comparative analysis was conducted between students who used the online portal and control group 
members who just regularly visited the laboratory without a special preparation or post enhancement. 
The evaluation follows a pre, post, and follow-up approach.  
Based on the results of this research, it could be confirmed that the online portal, as a tool to prepare 
and post enhance students, had a significant impact. Moreso, students’ situational interest was 
positively promoted through the online portal. This also applied for related features, like students’ self-
concept as well as their perceptions of the out-of-school laboratory environment and even slight 
effects on their individual interest. As it turned out regarding the desired situational interest, females 
benefitted most. However, again most results suggest that evoked effects diminish over time. Even 
though this likely can be traced back to the characteristics of the post enhancement of the online 
portal, outcomes regarding students’ interest in science and a career in physics indicate the post 
enhancement’s ability to ensure sustainability. Within the sample three classes were identified based 
on their interests. Accordingly, for all classes’ members the portal fosters their situational interest. This 
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especially applies for less scientific interested students. Assessments on the portal’s perception by the 
students revealed a high degree of willingness to prepare for the laboratory visit and to spend the time 
required. A large majority appreciated the online portal for their laboratory work. An extended 
preparation, like presented in this study, is still regarded as acceptable to the students. Nevertheless, 
a compulsory preparation and post enhancement is highly recommended. On the whole, it can be 
concluded that the online portal respectively a preparation and post enhancement is beneficial for 
activities out-of-school. 
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 תקציר
מאז שנות השמונים, החינוך התמודד מול אתגרים שונים כגון טכנולוגיות חדשות ודרכים חדשות לאיסוף מידע, 
וגם בחינה מחדש של גישות חינוכיות מסורתיות. כתוצאה מכך, דגש רב יותר הושם על פעילויות מעבדתיות. 
שות במבחני הערכה השוואתיים במדינות מתועשות רבות, טרנד זה נתקל באופן לא צפוי בתוצאות חל
בינלאומיים, כמו גם בתפיסות נמוכות של תלמידים כלפי מדע, ובהתאם לכך גם נמצאה השפעה שלילית על 
ספריות רבות בגרמניה -בחירות הקריירה שלהם. על מנת לפעול כנגד טרנד מתגבר זה, הוקמו מעבדות חוץ בית
. עם זאת, למרות האפקט החיובי הזמני, נדרשות גישות בשנים האחרונות על מנת לקדם את העניין במדעים
 לפיתוח שינויים ארוכי טווח.
ספריות מושפעות מפעילויות תמיכה לפני ואחרי המעבדות על סמך -מחקר זה בוחן כיצד מעבדות חוץ בית
ידים לפיכך, פותח פורטל מקוון שסיפק תוכן קוגנטיבי ואפקטיבי על מנת להכין ולחזק תלמ מחקרים קודמים.
ספריות. מחקר זה התמקד בתלמידי כיתה י' ברמה גבוהה -לקראת ואחרי הביקור של במעבדות חוץ בית
-ספריות הנמצאות במכון המחקר 'הלמוט-יומיות במעבדות חוץ בית-ונמוכה שהשתתפו בפעילויות חקר חד
המקוון ותלמידי רוזנדורף'. המחקר כלל ניתוח השוואתי בין תלמידים שהשתמשו בפורטל -צנטרום דרזדן
קבוצת ביקורת שרק ביקרו במעבדות מבלי הכנה מיוחדת או פעילות לאחר הביקור. ההערכה כללה מבחנים 
 לפני הפעילות המעבדתית, מיד אחריה וזמן מה לאחריה.
תוצאות מחקר זה הראו כי לפורטל המקוון, השימש ככלי לתמיכה בתלמידים לפני ואחרי הפעילות המעבדתית, 
פעה משמעותית. יותר מכך, הפורטל המקוון תרם לשיפור העניין הסיטואטיבי של התלמידים. הייתה הש
תוצאה זו נמצאה גם לגבי מאפיינים קשורים נוספים, כמו התפיסה העצמית של התלמידים ותפיסתם לגבי 
י של ספריות. כמו כן נמצא שהפורטל המקוון השפיע יותר על העניין הסיטואטיב-סביבות למידה חוץ בית
תלמידות מאשר של תלמידים. עם זאת, התוצאות הראו שאפקט זה דועך עם הזמן. למרות שדעיכה זו ככל 
הנראה נובעת מהמאפיינים של פעילות התמיכה שלאחר המעבדה בפורטל המקוון, התוצאות לגבי עניין 
נשארה. שלוש התלמידים במדע ובקריירה בתחום הפיסיקה מראות שהתמיכה של הפעילות שלאחר המעבדה 
כיתות מתוך המחקר זוהו לפי העניין שלהן. בהתאם לכך, הפורטל המקוון תמך בעניין הסיטואטיבי של כל 
תלמידי הכיתות. ממצא זה מתאים בעיקר לתלמידים עם ענין נמוך במדע. ההערכה של תפיסת התלמידים 
במעבדה ומוכנות להשקיע את לגבי הפורטל המקוון הראתה רמה גבוהה של מוכנות להכנה לקראת הביקור 
הזמן הדרוש. רוב התלמידים העריכו בצורה חיובית את ההשפעה של הפורטל המכוון על פעילות המעבדה 
ספריות. הכנה -שלהם. באופן כללי, ניתן להסיק כי הפורטל המקוון יכול לתרום לפעילויות מעבדתיות חוץ בית
ידי התלמידים. פעילויות תמיכה לפני ואחרי ביקור  מורחבת, כפי שמוצגת במחקר זה, נתפסת כמוצדקת על
  ספריות מומלצות לתלמידים.-במעבדות חוץ בית
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KURZFASSUNG 
Anfang der 1980er-Jahre ergaben sich im Bildungssektor eine Reihe von Herausforderungen, die im 
Zusammenhang mit neuen Technologien, neuen Wegen des Informationsaustausches, aber auch des 
Hinterfragens traditioneller Bildungsansätze standen. Im Ergebnis dessen kam der experimentellen 
Arbeit im naturwissenschaftlichen Unterricht eine stärkere Rolle zu. Unerwartet schwache Ergebnisse 
internationaler Vergleichsstudien (z.B. PISA, TIMSS) sowie ein schlechtes Image der 
Naturwissenschaften und damit einhergehende negative Auswirkungen auf die Kurs- und Berufswahl 
verstärkten diesen Trend in vielen Industrienationen. Vor diesem Hintergrund und mit dem Ziel, 
Interesse an Naturwissenschaften zu fördern, wurden in Deutschland in den vergangenen Jahren 
zahlreiche Schülerlabore etabliert. Trotz der Tatsache, dass die Einrichtungen positive Effekte erzielen, 
sind diese teilweise gering oder schwächen mit der Zeit ab. 
Wie bisherige Studien vermuten lassen, scheint die Vor- und Nachbereitung von Veranstaltungen im 
Schülerlabor eine Lösung hierfür zu bieten. Anhand der vorgestellten Studie soll dies untersucht 
werden. In diesem Zusammenhang wurde ein Online-Portal für Schülerinnen und Schüler entwickelt. 
Basierend auf kognitiven und affektiven Inhalten bietet es Teilnehmern die Möglichkeit, ihren 
Schülerlaborbesuch vor- und nachzubereiten. Die Studie richtete sich an Schüler ab der 10. Klasse der 
Sekundarstufe 1 und 2, die einen Experimentiertag im Schülerlabor DeltaX am Helmholtz-Zentrum 
Dresden-Rossendorf absolvierten. Dabei wurden in Form einer Vergleichsstudie Teilnehmer mit und 
ohne Nutzung des Online-Portals gegenübergestellt. Die entsprechenden Daten der Untersuchung 
wurden durch eine Fragebogenerhebung im Pre-Post-Follow-up-Design erhoben. 
Die Ergebnisse der Studie bestätigen den signifikanten Einfluss des Online-Portals. So zeigen sich 
durchaus positive Effekte hinsichtlich der Entwicklung des aktuellen Interesses der Schülerinnen und 
Schüler. Gleiches gilt auch im Hinblick auf verwandte Konstrukte wie das Fähigkeitsselbstkonzept, die 
wahrgenommenen Merkmale der Laborumgebung und auch abgeschwächt für dispositionale 
Interessen. Bezogen auf die angestrebte Förderung des aktuellen Interesses zeigte sich, dass vor allem 
Schülerinnen profitieren. Allerdings ließ sich für die meisten der hervorgerufenen Effekte ein Absinken 
im Verlauf der Zeit erkennen. Möglicherweise ist das auf die Umsetzung der Nachbereitung im Rahmen 
des Online-Portals zurückzuführen. Die Ergebnisse lassen die Vermutung zu, dass die Nachbereitung 
bezüglich des Interesses an Naturwissenschaften und an einem physikalischen Beruf das Potenzial 
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besitzt, mehr Nachhaltigkeit hervorzurufen. Um Vorinteressen der Teilnehmer zu berücksichtigen, 
konnten drei unterschiedliche naturwissenschaftliche Interessensklassen identifiziert werden. Es 
stellte sich heraus, dass die Entwicklung des aktuellen Interesses aller drei Interessenklassen durch das 
Online-Portal gefördert wird. Dies gilt vor allem für die gering naturwissenschaftlich interessierten 
Schülerinnen und Schüler. Untersuchungen, die sich auf das Online-Portal selbst bezogen, offenbarten 
zum einen ein hohes Maß an Bereitschaft, sich auch mit dem dafür notwendigen zeitlichen Aufwand 
auf den Experimentiertag im Schülerlabor vorzubereiten. Zum anderen schätzt die breite Mehrheit der 
Teilnehmer das Online-Portal für ihre Arbeit im Schülerlabor. Selbst eine umfangreichere Vorbereitung 
wird von den Schülerinnen und Schülern als akzeptabel betrachtet. Es wird dennoch dazu geraten, die 
Vor- und Nachbereitung obligatorisch durchzuführen. Insgesamt zeigen die Ergebnisse dieser Studie 
den positiven Einfluss des Online-Portals bzw. der Vor- und Nachbereitung auf außerschulische 
Aktivitäten.
xi 
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I. INTRODUCTION 
1. Science, Education, & Society 
Today’s students are growing up in a new era, one characterized by new opportunities and, obviously, 
new challenges. Never before has access to, and provision of, information been as easy and as 
extensive as today; Never before have people been as prominently accompanied by science and 
technology. This increasingly complex world requires a new generation which will be capable facing its 
upcoming demands, but, at the same time, will be enabled to benefit from them (Linn, 1987; Osborne, 
2007). It is our responsibility to provide all students, in their role as future citizens, with all of the 
required skills to make their own decisions, decisions built upon their independent and critical 
thoughts. In this manner, we ensure their democratic right of participation in societal debates and 
decisions. More specifically, we need to promote and encourage tomorrows’ scientists as well as 
scientific talents, in order to serve a society increasingly dependent on science and technology, and to 
stay competitive in a globalized world, and thereby to sustain growth and wealth for all people. 
It is obvious that, this new era calls for an adequate education combining with a critical revision of 
traditional approaches. In this respect, education has become more than just a pure acquisition of 
factual information but has shifted towards promoting students’ understanding, skills and beliefs but 
also stresses education’s practical benefits. As a result, science education researchers in the US and in 
Europe have highlighted the significance of scientific inquiry as a promising tool to match those claims 
(National Reseach Council (NRC), 1996; Rocard et al., 2007). Following the NRC definition, science 
laboratories can be considered excellent places of inquiry-based learning. Consequently, laboratory 
work has gained in importance in the past two decades (Hofstein & Lunetta, 2004). So it was in 
Germany, too (Grey, 2012; Rocard et al., 2007).  
However, besides the general call for more inquiry and laboratory work, in that time German science 
education has become strongly aware of three mayor concerns that still last: 1) weak students’ 
performance, 2) little interest in science and 3) lack of academic growth and new-hires in the field of 
science.  
International comparative assessments, namely TIMSS (1995) and PISA (2000), revealed German 
students’ dissatisfying performances in the field of science. Whereas the TIMSS study showed German 
Introduction 
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students’ knowledge in science and mathematics as average (Mullis et al., 1998), PISA results in 2000 
were shockingly worse. In the field of scientific literacy German students achieved scores which were 
even lower than average and were characterized by a “considerable weaknesses in scientific 
understanding and in applying scientific knowledge” (Stanat, Artelt, Baumert, & Klieme, 2002, p.10). 
Those appallingly poor results in PISA 2000 led to what was called “PISA shock” of the whole society 
(Di Fuccia, Witteck, Markic, & Eilks, 2012). Although latest PISA results from 2012 show that German 
students have consistently improved and are to now above the OECD average, during the last PISA 
assessments, the proportion of low achievers did not change, whereas the one of high achievers even 
decreased (OECD, 2014). Thus, further development is still needed. Besides the quality of science 
education the national debate is also about its quantity. Concerns of insufficient junior employees in 
the field of STEM (Science, Technology, Engineering, & Mathematics) have risen. At the present time, 
Germany has to face a demographic development that is leading to a shrinking number, and 
proportion, of working age citizens. The expanding gap of needed academics can’t be bridged by the 
younger generation (Autorengruppe Bildungsberichterstattung, 2014). Currently, this trend is getting 
reinforced as the number of STEM related academic jobs has increased over the past few years (Anger, 
Koppel, & Plünnecke, 2014), but at the same time fewer students enrolled in mathematics and science 
at the university level (Autorengruppe Bildungsberichterstattung, 2014). This seems especially 
challenging, as to many students the image of physics is perceived as difficult, unattractive, 
meaningless, and far from daily life. This negative attitude is unfortunately especially shared among 
girls (Euler, 2004). In this spirit, more and more studies have emphasized students’ little interest in the 
subject of physics and its decrease during school time, as it was shown by the IPN interest study and 
TIMMS (Hoffmann, Häußler, & Lehrke, 1998; Klieme & Baumert, 2001). Although, the PISA 2006 study 
on attitudes and interest showed a rather high general interest in science, it also revealed physics as 
less interesting field among school science subjects. Still worse, student’ interest in learning and 
performing science is below OECD average. According to that it is not surprising that out of the 
students who perform rather well in science even 43% have no, or only a slight interest, in scientific 
subjects (OECD, 2007). 
International studies present rather a similar picture. Many developed countries besides Germany 
have to face poor results in international assessments of science education, too (TIMSS, since 1995; 
PISA, since 2000). According to the latest PISA study in 2012, countries like the France, Israel, Italy, 
Spain, Sweden and the United States are still below OECD average. In addition, the perception of 
science remains a challenge. For many students science is perceived as irrelevant for themselves but 
also, as they think, for society (see review by Stuckey, Hofstein, Mamlok-Naaman, & Eilks, 2013). 
Depending on the Relevance of Science Education (ROSE) study, an inverse correlation was found 
between a country’s rank of development and the attitudes of its students towards the societal 
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importance of science and technology, and also the interest in its learning (Sjøberg & Schreiner, 2005). 
Especially girls are less attracted to science and engineering as they perceive them as male related 
(OECD, 2012). Thus, although the total number of enrolled students in science and technology has 
increased over the past few years their proportion decreases. This tendency is even stronger in the 
field of mathematics and physics (OECD, 2006). 
In Germany, the broad consensus about the necessity to undertake reforms in education in general 
and particularly in the field of science education, led to new developments in and out of school. In this 
regard, out-of-school science laboratories became a promising solution. By now, there are already 325 
places all over the country, and the number is still increasing (LernortLabor Bundesverband der 
Schülerlabore e.V., 2015b). Usually they are located in universities, research institutions, science 
museums or centers, but also in companies (Euler, 2004). To the extent that laboratory origins are 
different, so too their conceptions, intentions and issues differ. Therefore, a majority of places address 
whole school classes with one-day activities, others offer multiple visits or practical trainings. Some 
places do more focus on high achieving students or make use of the out-of-school environment as a 
place for teacher trainings or educational research (Scharfenberg, 2014). In doing so, wide variety of 
issues is provided by the laboratory places. They range from traditional school subjects like chemistry, 
physics or biology to more applied fields such as engineering, life science and space research (Di Fuccia, 
Witteck, Markic, & Eilks, 2012). Despite different approaches, the laboratories share common features.  
All of them offer, more generally speaking, a practical and activating environment to students where 
they can experiment and research independently. Thereby authentic experiences shall be provided 
through conducting scientific inquiry related to scientific processes and methods (Euler, 2004). Along 
with their outstanding equipment and competent care by STEM staff the out-of-school laboratories 
are highly popular (Haupt et al., 2013; Pawek, 2009). Despite not having an explicit link to the school 
education standards, all the laboratories do have common objectives, such as to enhance students’ 
interest in science, to increase scientific knowledge, and to promote young talents in the field of 
STEAM (Di Fuccia et al., 2012; Euler, 2004; Haupt et al., 2013).  
According to Euler, the establishment of interest is the main objective of an out-of-school laboratory 
visit since interest is on the one hand a significant component of scientific literacy and on the other 
hand since interest is related to major educational aims, such as the promotion of learning process 
(Köller, Baumert, & Schnabel, 2001; Krapp, 1999), students’ achievements (Denissen, Zarrett, & Eccles, 
2007) and academic choices (Köller et al., 2001; Milner, Ben-Zvi, & Hofstein, 1987). 
Thus, as the number of out-of-school laboratories grew in the last 15 years, investigations have been 
conducted, mainly focusing on the enhancement of students’ interest.  The empirical findings indicate 
that the laboratories are able to promote students’ interest in science successfully (Engeln, 2004; 
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Glowinski, 2007; Guderian, 2007; Pawek, 2009; Scharfenberg, 2005) and what is remarkable is that this 
effect is not depending on gender (e.g. Engeln, 2004; Glowinski, 2007). Even weeks after the lab 
activity, the evoked interest was still verifiable (Engeln, 2004; Pawek, 2009). Nevertheless, it seems 
that the caused interest decreased over time (Engeln, 2004; Guderian, 2007; Pawek, 2009). Engeln 
(2004), Scharfenberg (2005) and Pawek (2009), on the basis of their investigations, therefore 
suggested a greater coherence between school and the out-of-school science laboratory activities in 
order to achieve more sustainable effects. This might be also an answer to general critics on the single 
appearing, mostly one-day lab visits (Guderian, Priemer, & Schön, 2006) and thus the limitations in its 
outcome (Di Fuccia et al., 2012). However, 85% of the students participating in the science laboratory 
work haven’t been prepared before. When it comes to the activities’ post enhancement the situation 
improves only slightly (Engeln, 2004). As far, investigations on the impact of a preparation and post 
enhancement related to out-of-school laboratories were just meaningful under limited conditions. 
Either studies just rely on students’ perceptions of the pre respectively post laboratory work without 
revealing its amount, quality or time of implementation, they surveyed just with a small number of 
participants or used a particular design of laboratory visits which reduces significance. However, also 
considering critics on the single appearing lab visits, the implementation of the out-of-school 
laboratory work into school respectively a pre and post laboratory work has the chance to expand the 
laboratory visits itself and increase its outcome. More precisely, the embedding of experimental 
laboratory work has positive impacts, namely on students’ cognition (Hofstein, Nahum, & Shore, 2001; 
Lunetta, Hofstein, & Clough, 2007) as well as on their interest development (Hidi & Renninger, 2006). 
In light of the empirical need to further investigations, and promising benefits based on the related 
theory and general concerns about the retention of the laboratory’s outcomes (see review of Plasa, 
2013), this study was set up to investigate the effect caused by a preparation and post enhancement 
of out-of-school laboratory work. Therefore a special pre and post work tool was designed. Taking 
numerous previous limitations into account, such as that most teachers do not integrate the lab visit 
into their lessons (Engeln, 2004; Pawek, 2009), the difficult coordination of contents as well as 
complicated exchange between teachers, students and the out-of-school laboratory staff, this study 
takes a new approach: an internet-based portal was set up. It provides each student with a laboratory 
adapted preparation and post enhancement for their out-of-school science laboratory activity.  
The main objective of this research was to assess the impact of such an online portal which prepares 
and post enhance students regarding their laboratory activity. In doing so, emphasize was put on the 
investigation of students’ situational interest and related scales such as their self-concept, individual 
interest like interest in science, experimentation and a career in physics. In order to determine 
differences regarding the perception of the laboratory environment, laboratory features, like support 
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of the students, the contents relevance for students or the activity’s comprehensibility were queried. 
The empirical survey was conducted with pre-, post-, and follow-up measurements which took place 
right before the out-of-school laboratory activity, right afterwards and six to eight weeks later. The 
investigation follows the work of Engeln (2004) and Pawek (2009). Consequently used items and scales 
are based on their previous assessments. In order to compare the online portal’s effect, students were 
divided into a treatment group which had access to the online portal in order to prepare and post 
enhance their laboratory work and a control group. The latter just visited the out-of-school laboratory 
without any special preparation or post enhancement. The setting for this study was the DeltaX out-
of-school laboratory at the research center Helmholtz-Zentrum Dresden-Rossendorf. Students 
participating there in the same one-day laboratory activity in the field of physics took part in this 
research. After applying the data cleansing, a total of 855 respondents was used for the data analyses. 
Results of this research showed a rather positive picture of the online portal’s effect. It therefore can 
be assumed, that the online portal gives the chance to foster out-of-school laboratories’ outcome in 
manifold ways.  
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II. THEORY 
2. Out-of-school laboratories 
Since the 1980’s, education more and more obviously had to face a multitude of challenges (e.g. Linn, 
1987). Published school related research gave reason for social concerns that are still relevant today, 
particularly in the field of science (e.g. Millar & Osborne, 1998). In this context it is worth mentioning 
dissatisfying results in international comparative assessments, such as TIMMS and PISA (TIMSS, since 
1995; PISA, since 2000), continuously decreasing proportions of students enrolled in science and 
technology (Global Science Forum, 2008) and a general, long-known trend to “swing away from 
science” which is expressed by students’ decreasing interest in science (see for example review by 
Osborne, Simon, & Collins, 2003), low appreciation (see review by Hofstein & Mamlok-Naaman, 2011) 
and even worse irrelevant for themselves and society (see Stuckey, Hofstein, Mamlok-Naaman, & Eilks, 
2013). In light of that, educational reforms were established, such as the introduction of the National 
Science Education Standards (National Reseach Council (NRC), 1996), promoting the idea of inquiry 
teaching and learning. Consequently, in the last decades laboratory work has gained importance again 
(Hofstein & Lunetta, 2004). The same applied for Germany, where laboratory places out of school were 
initiated in order to offer informal experimental work to students. Their establishment was bolstered 
by three national impacts. First, appallingly poor results in PISA 2000 leading to what was called “PISA 
shock” (Di Fuccia et al., 2012). Second, attitude studies like the one by Hoffmann, Häußler and Lehrke 
(1998) revealing students’ little interest in physics which is unfortunately especially the case for female 
students. Third, a call for more workforce and academic growth in the field of the sciences (Robert 
Bosch Stiftung, 2009).  
2.1 Conceptualization of out-of-school laboratories 
Out-of-school laboratories became highly popular in the recent years in Germany. Whereas there have 
been less than 60 of such places installed before the turn of the millennium, their number rise up to 
more than 300 laboratories nowadays (LernortLabor Bundesverband der Schülerlabore e.V., 2015b). 
Despite their increasing importance for national science education, a precise definition of those places 
could not be found so far (Haupt et al., 2013; Plasa, 2013). However, the German federal association 
of the out-of-school laboratories proposes a conceptualization. According to it, out-of-school 
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laboratories provide a place for students to do independent experimentation and research. Generally, 
those places are not located at schools. A typical out-of-school laboratory moreover offers: 1) students 
to deal with modern science and technology, 2) contemporary laboratory equipment, 3) space and 
time to do experimentations independently and 4) frequent student activities (LernortLabor 
Bundesverband der Schülerlabore e.V., 2015a). Such activities are usually proceeded by either 
individual students or whole classes (Di Fuccia et al., 2012). Euler (2004) more precisely characterizes 
out-of-school laboratories. According to him the laboratories are working environments that offer 
authentic experiences in regard of science and research, including personal contact with scientists and 
researchers. Thereby the methodical focus is put on providing experiments that practically involve 
students. Plasa (2013) states that usually a prior registration is requested, in order to visit an out-of-
school laboratory. The visit itself, for the most part, has a fixed schedule, including an introduction, 
safety briefing and breaks as well. The main part is the performance of the experiments (Plasa, 2013). 
In doing so, they are guided and mentored by qualified staff of the site (Hempelmann & Olaf J. Haupt, 
2014). In addition, students’ experimentation is supported by more or less sophisticated instructions 
or work materials (Plasa, 2013). When performing their work, students are not assessed as they are 
used to it from school (Euler, 2010).  
 
The out-of-school laboratories are affiliated with various institutions, most of them by universities, 
associations or research centers. However, some others are belonging to museums, science centers as 
well as business companies (Di Fuccia et al., 2012; Haupt, 2015; Haupt et al., 2013). The amount of 
diverse operators is reflected by two consequences. The first consequence: out-of-school laboratories 
are dealing with a wide range of issues. They contain classical domains such as chemistry, biology and 
physics, but also applied science like materials research, space science or biotechnology (Di Fuccia et 
Figure 2-1. Distribution on subjects conducted at out-of-school laboratories in Germany (based on Haupt, 2015). 
Theory 
8 
al., 2012). An overview of the laboratories distribution on the different subjects is shown in Figure 2-1 
(Haupt, 2015). According to it more than two out of three out-of-school laboratories are rooted in the 
field of biology, chemistry of physics. The second consequence: even though the laboratories share 
common goals, they have to meet specific demands in regard of their operating institutions. Joint and 
major goals for all the out-of-school places, nevertheless, is to promote students’ interest in science in 
general and more particular interest in the academic disciplines of science, technology, engineering, 
and mathematics, abbreviated STEM (Di Fuccia et al., 2012; Euler, 2010; Haupt et al., 2013). According 
to Scharfenberg (2014), this can be considered a student-related goal, as he categorises out-of-school 
laboratory’s objectives. That category also encompasses the laboratory’s aim to provide students with 
an environment that on the one hand allows them to work independently on authentic scientific 
problems, and on the other hand reveals scientific work principles e.g. through providing contact with 
scientists and thus give an inside in professions and careers. Thus students shall get an impression 
about sciences’ and technology’s contributions to our society (Euler, 2004; Guderian & Priemer, 2008; 
Scharfenberg, 2014). A second category of goals is contributed to teachers. In this respect laboratories 
can be a source of inspiration for teaching at school and furthermore provide a platform for training 
future teachers as well as more experienced teachers. For example, teacher trainings can be conducted 
on the content of the out-of-school lab or its methods (Guderian & Priemer, 2008; Scharfenberg, 2014). 
A third category refers to research aspects, in the sense that a laboratory offers a highly appropriate 
place to evaluate new educational concepts, not least because of its many different visiting classes 
(Guderian & Priemer, 2008; Scharfenberg, 2014). Guderian et al. (2008) furthermore mention a fourth 
category that takes into account an institute’s desire to link research and society as well as to 
communicate scientific issues and in order to present an institute to a broad public (Guderian & 
Priemer, 2008).  
2.2 Categorization of out-of-school laboratories 
As described in the previous section, out-of-school laboratories’ features and their work are rather 
wide-ranging in accordance to their goals. Therefore a laboratory located at a university that wants to 
train its future teachers works different than e.g. a research centre located place where e.g. excellence 
shall be achieved in order to attract high achieving students. The same applies for a place that is run 
by a company and looks for qualified workforce and good public relations and so forth. In order to 
classify out-of-school laboratories Haupt and Hempelmann (2015) and Haupt et al. (2013) propose six 
types and related characteristics. One category is the classical laboratory which is visited by whole 
classes. The lab activity’s content is related to the school curriculum but can be interdisciplinary as 
well. However it is still in accordance with school demands. The activity itself lasts several hours or a 
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whole day. Repeated visits are possible over an extended period of time or throughout a school year, 
mostly for partner schools.  
The classical out-of-school laboratory is an instrument of general student promotion. A second 
category is the research laboratory for school students. There students experiment on themselves or 
in small groups during their leisure time, independent from school. It mainly addresses high achieving 
or interested students and provides content which is not necessarily related to school curriculum. In 
the laboratories students’ work is project based dealing with small research tasks or experimental 
constructions. The students’ supervision is reduced to a minimum and, rather provides contact to 
researchers. In many cases, long-term projects in such places lead to participation in science 
competitions. Thus the research laboratory for school students is a place that promotes excellence. 
Out-of-school laboratories that are primarily related to educational research are called teach-learn 
laboratories. They are mostly installed at universities as they are part of the university teacher training. 
Thus university students are involved in proceeding, in developing and in assessing laboratory 
activities. Category number four is mainly referring to communicate science in order to raise the 
awareness of science in general and to represent an institutes’ research to public. Thus the provided 
content hardly meets the school curriculum. Those so called science communication laboratories are 
usually run by large research centers. During the activities students are informed about the research 
Figure 2-2. Distribution of the different types of out-of-school laboratories based on published results by Haupt and 
Hempelmann (2015) and Haupt et al. (2013). 
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sites and gain experiences for their vocational orientation. Laboratories that are associated with 
companies, mainly large-scale industries, form a fifth category known as entrepreneurship 
laboratories. Here, production sequences are presented, and later on performed, by students under 
consideration of multifaceted aspects referring to economics, technology and science. Furthermore 
students’ visits are a tool of the company’s public relation and a way to attract future employees. 
Finally, the so called out-of-school laboratory with vocational orientation do exist. Together with 
partners from industry and research, students get to know about different professions and their work 
processes and carry out related practical work in the laboratory. Major aim is to provide students’ 
vocational orientation and to enable them to successfully start their careers. A table with the 
proportion of the different forms of out-of-school laboratories is shown in Figure 2-2. 
3. Out-of-school science education 
3.1 Formal and informal learning  
Informal learning Formal learning 
voluntary compulsory 
unstructured, unsequenced structured and sequenced 
non-assessed, non-certificated assessed, certificated 
open-ended more closed 
learner-led teacher-led 
learner-centred teacher-centred 
outside of formal settings classroom and institution based 
unplanned planned 
many unintended outcomes  fewer unintended outcomes 
social aspect central social aspect less central 
undirected directed (controlled) 
Table 3-1. Characteristics of formal and informal science learning based on Wellington (1990). 
Based on the literature, science learning can be distinguished into two forms: formal and informal 
learning respective to education (e.g. Hofstein & Rosenfeld, 1996; Wellington, 1990). In 2003, the 
Informal Science Education Ad Hoc committee of the National Association of Research in Science 
Teaching (NARST) recommended to not use the term informal education, considering it an 
inappropriate characterization of a different form of learning. Whereas formal learning is related to a 
school context (e.g. Falk, 2005), informal learning “is the most commonly applied term for the science 
learning that occurs outside the traditional, formal schooling realm” (Dierking, Falk, Rennie, Anderson, 
& Ellenbogen, 2003, p. 108). Both terms, formal and informal learning, characterize learning based on 
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settings or contexts for learning. Conversely, and taking into account differences regarding students’ 
motivation or interest in learning, informal learning is also called “free-choice learning” (Falk, 2005). 
In addition to the two dimensions of learning mentioned, an extended overview of the two forms of 
learning is displayed in Table 3-1. It is based on a characterization by Wellington (1990). 
However, besides the two divided models of science learning, continuous and more divided models 
also, exist (see review by Malcolm, Hodkinson, & Colley, 2003). In this respect the Organisation for 
Economic Co-operation and Development (OECD) and European Commission make use of an approach 
structuring learning in three forms, namely formal learning, non-formal learning and informal learning 
(Commission of the European Communities (CEC), 2001; Werquin, 2010). Attributed features for the 
three forms of learning are shown as an overview in Table 3-2. 
Informal learning Non-formal learning Formal learning 
daily life activities (e.g. work, 
leisure, family) 
no education/ training institution, 
but planned activities 
education or training institution 
no certification no certification certification 
not structured structured (regarding learning 
objectives, time, and support) 
structured (regarding learning 
objectives, time, and support) 
in most cases non-intentional intentional from the learner’s 
perspective 
intentional from the learner’s 
perspective 
Table 3-2. Classification and characterization of learning by Commission of the European Communities (CEC) (2001) and 
the Organisation for Economic Co-operation and Development (OECD) by Werquin (2010).  
By learning science informally, learning shifts from “cookbook science” to “inquiry-informed” and 
multiple degrees of freedom of students’ activities (Renninger, 2007). Consequently informal learning 
enables students to learn more actively and authentically (Euler, 2004). Findings by Hofstein and 
Rosenfeld (1996) indicate that this type of learning fosters science learning, in that it offers learning 
opportunities to heterogeneous learners and raises students’ motivation. Consequently both 
researchers recommend implementing informal learning at school, and stress the importance of its 
integration into the formal school curriculum. 
3.2 Sites of informal learning 
According to its definition, informal learning “occurs outside of school or other educational 
institutions” and thus is also called “learning in out-of-school contexts, settings, or environments” 
(Rennie, 2007, p.126). Along with the characterization in Table 3-1, out-of-school laboratories can be 
regarded as informal learning environments (Di Fuccia et al., 2012; Euler, 2004). Apart from these, 
other places for informal learning exist. Museums and science centres are of particular significance, 
since they are highly popular places for informal learning, as well as school trips and leisure time 
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(Rennie, 2007). Both share numerous similarities. In this respect they host scientific collections, 
provide tools for inquiry and pedagogical contents and are devoted to educating a broad spectrum of 
the public (Feder, Shouse, Lewenstein, & Bell, 2009). However, differences do exist. In this respect 
classical museums’ objectives also include permanently collecting and preserving artifacts, and 
empowering research on them (Friedman, 2010). Their major intention is not exclusively the transfer 
of knowledge, but also entertainment (Plasa, 2013). Accordingly most museums offer working models 
and hands-on elements which provide active, communicative access (Rennie, 2007 reviewing 
McManus, 1992). The latest generation of science museums are now known as science centers 
(Friedman, 2010;  Rennie, 2007 reviewing McManus, 1992). According to Rennie’s review, science 
centers, in contrast to the classical museum, usually have neither permanent collections nor related 
research. It is characterized by a shift from concrete objects to ideas, such as health or space and a so 
called “decontextualized scattering of interactive exhibits” (Rennie, 2007 citing McManus, 1992, 
p.164). This means that each model, or object, has its own concept that is usually unconnected to each 
other. Exhibits, in this regard, have to be unique and reasonable, enabling visitors to explore and 
interact socially (Feder et al., 2009). However, in light of the numerous choices, and widely varying 
quality of interaction with the exhibits, for both places, museums and science centres the amount of 
knowledge which is gained, as well as its selection is highly depending upon the individual (Feder et 
al., 2009). Besides, the places’ intention to emerge the emotional experiences (Feder et al., 2009) with 
their respective objective, in order to promote fun and entertainment, was often criticised (review by 
Rennie, 2007). Relevant studies by Griffin (see review by Bamberger & Tal, 2007), as well as Bamberger 
and Tal (2007) showed that students perceived the informal activity in regards to the science museum 
as “fun but not as a learning experience” (p. 93). To Allen (2004), this is part of a general “constructivist 
dilemma” of such places when combining entertainment, choices, interests, inquiry and education 
(p.18). 
3.3 Delineation of the out-of-school laboratory from other informal learning sites 
The characterization of the two forms of learning, informal and formal, along with the characterization 
of the out-of-school laboratories reveals difficulties when allocating the site to one or the other form. 
Naturally, it matches with informal learning sites, since it is an out-of-school activity which provides 
independent work, has a learner-centered perspective and doesn’t assess students’ performance. 
However, it also meets criteria which are more formal such as fixed schedules, little voluntary intent - 
since whole classes join the activity - and structured work by instructions and work materials which 
accompany experimentations. An overview of the out-of-school laboratories’ formal and informal 
learning characteristics is displayed in Table 3-3. Besides those general considerations differences 
between the two presented informal learning sites, museum and science center, and the out-of-school 
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laboratory occur. Euler (2004) sums up, according to him, in contrast to the other informal places the 
out-of-school laboratories “intend to give insight into ‘the real thing’ instead of strongly pedagogically 
reduced versions of school physics. They offer various possibilities of experiencing the working 
environment of scientists in authentic ways and of getting into personal contact with researchers in 
science and technology. Carrying out experiments and engaging the students in practical, hands-on 
activities is considered essential.” (p. 11). In her review, Rennie (2007) identified four characteristics 
of out-of-school learning environments, such as science centers and museums, which reveal further 
differences regarding out-of-school laboratories. First, visitors participate and interact voluntarily. 
Second, the educational program is open and less didactic. Third, activities are not assessed and not 
competitive. Fourth, interaction at those places is between different age groups. As a result, when 
comparing Rennie’s four characteristics of out-of-school learning environments with features of the 
out-of-school laboratory (see section 2.1), coherence can be found for Rennie’s third characteristic, 
whereas all the other features show little or no coherence with the out-of-school laboratory features. 
However major disparities occur regarding the quality of learners’ engagement. The out-of-school 
laboratory offers project-oriented experimentation in lesson-like structure (Guderian & Priemer, 
2008). Conversely, in the museums and science centres, student interaction is solely determined by 
the guiding teacher (Guderian & Priemer, 2008), or by the individuals themselves (Feder et al., 2009). 
Consequently, “learners’ engagement is short-term and sporadic” in those places (Feder et al., 2009, 
p. 48; Guderian & Priemer, 2008). Moreover, while museums and science centres need to provide 
entertainment to a broad public (Allen, 2004), this is no major objective for the out-of-school 
laboratories (see section 2.1). In summary, out-of-school laboratories in comparison with museums 
and science centres put more emphasis upon learning, and are less committed to entertainment or 
amusement.  
Characteristics of informal learning Characteristics of formal learning 
some activities for individual students mostly for whole classes 
independent experimentation and inquiry fixed schedule 
student is mentored by qualified staff planned, prior registered activity 
mostly no assessment instructions/ work materials 
Table 3-3. Allocation of the out-of-school laboratory characteristics (see section 2.1) to characteristics of formal or informal 
learning based on Table 3-1. 
In light of these comparisons between the informal learning sites which were presented in this section, 
it can be assumed that the out-of-school laboratory is a mixed form of informal and formal learning 
sites. Accordingly, previously mentioned separation by studies of the OECD and the CEC seem more 
fitting since they suggest a three division (displayed in Table 3-2). Besides informal and formal learning, 
they propose non-formal learning as a kind of transitional form since it contains formal and informal 
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features at the same time. This form of learning meets major characteristics of the out-of-school 
laboratory; on the one more formal one, such as the structured content, the more fixed agenda and 
on the other hand more informal features like the out-of-school nature and the lack of certifications. 
Consequently, the out-of-school laboratories can be regarded as places of non-formal learning. 
4. Applied educational psychological concepts 
4.1 Interest 
For several decades, the concept of interest has played a rather prominent role in the field of 
educational research. Published studies during that time reveal positive effects on learning, its 
outcome as well as students’ development and motivation (see reviews by Hidi, 2006 and Krapp, 2002). 
Therefore the promotion of students’ interest is regarded as one major goal of science education, 
taking into account educational psychological theory (Dewey, 1913; Hidi & Renninger, 2006; Krapp & 
Prenzel, 2011), educational reports (Millar & Osborne, 1998; Rocard et al., 2007) and international 
assessments such as 2006 OECD PISA study (OECD, 2007). The same appears in out-of-school science 
laboratories. In light of interest’s educational importance (see section 4.1.6) and its relevance for 
laboratories’ outcome (see section 2.1), the promotion of students’ interest is considered the major 
objective for out-of-school places (Di Fuccia et al., 2012; Euler, 2010; Haupt et al., 2013). Consequently, 
the psychological conception of interest is the theoretical foundation of this study. It has a crucial 
importance for the understanding of the out-of-school laboratory’s mechanisms, but also for the 
applied tool that impacted on the conception of that place. It is therefore essential to know the 
characteristics of interest, its forms and its development, but also its interplay with other concepts. 
This will be the issue of this section. 
4.1.1 Establishment of interest as a psychological concept  
The psychological concept of interest goes back till the 19th century. In that time, the philosopher 
Herbart created a theory, on which interest can be understood as a mental activity that initiates a 
relation between a person and an object (Hilgenbeger, 1993). This approach is also known as a so 
called “person-object-relation”. Moreover interest can be created when individuals engage intensively 
with an object. This can be more promoted when a person deals with several objects which are all 
related together (Hilgenbeger, 1993). Along with those general understanding of interest, Herbart 
furthermore concentrates on interest and its relations to psychology and education. He found that 
interest has a strong and positive impact on education (Hidi, 1990). More particularly, the development 
of interest should be considered as a powerful force that fosters “correct and complete recognition of 
an object, leads to meaningful learning, promotes long-term storage of knowledge, and provides 
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motivation for further learning” (Schiefele, 1992, p.151). Taking all of that into account, it is obvious, 
that Herbart requires interest as a major objective of education (Krapp, 2002b; U. Schiefele, 1991). 
Psychological concepts on interest were further developed by Dewey at the beginning of the 20th 
century. Following the person-object-approach he linked interest with three basic features. First, a 
person’s attention is based on its interest. That means, in a state of interest, a person identifies with 
an object and a caused action. Interest activates and pushes a person. Second, feelings that a person 
relates to an object or respectively how a person is affected by an object. Third, interest is also intrinsic. 
It is about a persons’ desire to deal with an object of interest. Namely, when a person perceives an 
object as personally important (Dewey, 1913; Peters, 2010; U. Schiefele, 1991). In the decades that 
followed, research in the field of interest lost more and more of its attraction. Krapp, Hidi and 
Renninger (1992) give two overall reasons for this; on the one hand manifold different concepts on the 
term interest and, on the other hand, new psychological concepts which seem to give more suitable 
theoretical explanations. Especially the more and more widespread approach of behaviourism is worth 
mentioning, as it relies on external observations on a person than its internal psychological state. In 
light of this concept and later on the rise of cognitive psychology, interest lost its relevance in 
psychology and education. Little research was conducted, and was predominantly merged with 
concepts of motivation (Hidi, 2006; U. Schiefele, 1991). Interest related research was conducted via 
achievement motivation, intrinsic motivation, and flow as well as concepts such as attention, curiosity, 
emotion, attitude, and value orientation (Krapp et al., 1992).  
However, in the late 20th century it became increasingly obvious that approaches before and during 
that period fail to explain all aspects of interest. Especially the individual’s affective as well as 
motivational patterns were just poorly implemented (Hidi, 1990). Piaget (1981) required both a 
cognitive and affective point of view, in order to understand all human behaviour (Hidi, 1990). In 
consequence, this contributes decisively to a revival of the psychological concept of interest (Hidi, 
Renninger, & Krapp, 2004; Krapp et al., 1992; Krapp, 2003). That tendency was reinforced, as 
constructivist ideas increasingly emerged during that time, too (Krapp & Prenzel, 2011). It was H. 
Schiefele and colleagues who renewed the idea of interest, as a “pedagogic theory” which is 
characterized as a “specific person-object-relationship” (H. Schiefele, Krapp, Prenzel, Heiland, & 
Kasten, 1983). In this respect it connects former mentioned ideas of Herbart and Dewey but also built 
the basis for the current theory of interest, also known as “person object theory of interest” (POI) 
(Krapp, 2003). 
4.1.2 Conceptualization and features of interest 
Interest can be considered a person’s state of high attention as well as a desire to engage or reengage 
in a specific content or object (Hidi et al., 2004; Hidi & Renninger, 2006; Krapp, 1999). To Prenzel (1988) 
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an engagement which emerges from interest is called object engagement (Krapp, 2002a). More 
particularly, it is characterized by a directly experienced and active interaction with content (Krapp, 
2002a). To be more precise, Krapp (1999) regards interest as being linked with a personal identification 
and a state of willingness to perform on a high level. In summary, it can be noticed that an action driven 
by interest always has an intrinsic quality (Krapp & Prenzel, 2011; Krapp, 2002a; U. Schiefele, 1992). In 
such a situation, “there is no gap between what a person has to do in a specific situation and what the 
person likes to do” (Krapp, 2002a, pp.415/416). Therefore, in accordance with that, the two prominent 
motivation theory researchers Ryan and Deci (2009) stated, “the basis of intrinsic motivation is 
interest” (p.177). In this light, it is not surprising that interest is characterized by its affective, as well 
as cognitive, components (Hidi et al., 2004; Hidi & Renninger, 2006; Krapp, 1999). In this respect 
affective aspects are related to positive emotions during an object engagement, whereas experiences 
linked to the activity are considered cognitive (Hidi & Renninger, 2006). Krapp (2002a, 2002b) and 
Schiefele (1992) follow the same approach, but propose another classification. According to them, 
interest generally is characterized by three components (see Figure 4-1). First, a feeling-related one, 
that is associated with joy or involvement (Krapp, 2002b; U. Schiefele, 1992). Based on the concept of 
the basic psychological needs (e.g. Ryan, 1995; Nuttin, 1984 cited in Krapp, 2002a), Krapp (2002a) more 
precisely refers to an interest’s feeling-related component to: an appropriate level of attraction, 
feelings of expertise or competence, feelings of independent work or “self-determination” and positive 
feelings due to social interactions, respectively, relatedness. Second, interest possesses a value-related 
component. It reveals a person’s appreciation of an object in a manner of its personal relevance (Krapp, 
2002a; U. Schiefele, 1992). Krapp (2002b) furthermore regards this component as related to the 
concept of “self-intentionality”, which means that aims or intentions of an object engagement are 
matching an individuals’ expectations about it. The third component connects the two above-
mentioned cognitive and affective components. In this respect, since interest contains positive feelings 
for an object engagement and values of personal significance, it furthermore contains an intrinsic 
component (Krapp, 2002a, 2002b; U. Schiefele, 1992).  
Along with the previously mentioned features, current research generally conceptualizes interest as a 
special relation between a person and an object, or its environment (Hidi et al., 2004; Hidi & Renninger, 
2006; Krapp et al., 1992; Krapp, 2002a, 2002b). This conception of interest is mainly based on the 
theoretical approach of H. Schiefele, Prenzel and Krapp (see review by Krapp, 2002b) and implemented 
into their related “person object theory of interest” (POI) (Krapp, 1999, 2002b, 2003). Referring to that, 
the person itself is the source of the emerging interest, whereas the object determines, on the one 
hand, the type of interest respective to its intention, and on the other hand, the ability to foster 
interest (Hidi & Renninger, 2006). POI’s term object is rather abstract, it refers to “concrete things, a 
topic, a subject-matter or an abstract idea, i.e. a certain part of the cognitively represented 
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environment” (Krapp & Prenzel, 2011, p.31). In this respect an object of interest can be also related 
towards a school subject like physics or chemistry. In that case it is named interest in physics or 
chemistry. The same applies for interest in a specific profession or activity classifications such as 
experimenting (Krapp, 1998, 2002b). Obviously, POI’s conceptualization of “object” covers a broad 
understanding. Even though that might offer a lot of external influencing factors, an object’s impact 
determined by two things; first a person’s image of an object of knowledge about it and second by the 
existing object itself (Krapp, 2002a). This specific content relation is typical feature of the 
conceptualization of interest (Hidi et al., 2004; Krapp, 2002a, 2002b, 2005) and is different from the 
concept of motivation (Krapp, 2002b).   
4.1.3 Types of interest 
 
Interest can be distinguished in two ways; on the one hand to a psychological state that appears during 
an interest engagement and on the other hand as a relatively stable disposition respective to its mental 
structure (Hidi et al., 2004; Krapp, 2002a). This classification is the most common approach based on 
the present research situation. It was published by Krapp, Hidi, and Renninger (1992) and distinguishes 
interest between the situational and individual (or personal) (see Figure 4-1).  
The two types constitute a contrast in regard of the persistence likewise stability of their state of 
interest within a person. The situational interest is indicated as just emerging in particular situations 
(Krapp et al., 1992) or in direct surroundings (Hidi, 2001) such may be the case for a novel content or 
a catching experimental setting. Therefore a situational interest can emerge suddenly but often does 
not last of over time (Krapp et al., 1992; see review by Hidi & Renninger, 2006 & Hidi, 2001). However, 
during the time when the interest occurs, the individual shows a focused attention (see review by Hidi 
et al., 2004; Hidi & Renninger, 2006) and feelings, as well as emotions, are caused (Hidi, 1990; Hidi & 
Baird, 1986 cited in Hidi & Renninger, 2006). Moreover it creates “motivational states that encourage 
a person to interact with the environment in order to acquire new information” (Krapp et al., 1992, 
p.9). Despite its limited appearance, emerged situational interest can be transferred into a more 
Figure 4-1. General classification of interest and its three components into the two 
transferable states of situational and individual interest. 
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maintaining state (Bergin, 1999; Harackiewicz et al., 2000; Hidi, 2000; Hidi and Baird, 1986; Mitchell, 
1993 cited in Hidi, 2001) and under specific conditions into individual interests, too (Krapp et al., 1992). 
Individual interest, in contrast to the situational interest, is a long-lasting interest. It is rooted in a 
persons’ “dispositional or mental structure” (Krapp, 2002b, p.388) and is related to an individual’s 
personality (Krapp et al., 1992). Therefore it generates rather strong predispositions to the 
engagement or reengagement with content. Consequentially, such tendencies or preferences, as 
Krapp calls them, are quite stable over the time, too (Krapp, 2002a; see reviews by Hidi et al., 2004; 
Hidi & Renninger, 2006). Along with that a dispositional interest can be considered a psychological 
state, when an object or event of such an interest appears (Krapp et al., 1992). 
 
Furthermore, both types of interest can be specified as either being related to a source for generated 
interest or from the individuals’ perspective, or as being associated to an interest which appears as a 
current psychological state (Krapp et al., 1992). As the situational interest is characterized as being an 
interest which evokes in a specific situation, a differentiation is needed, taking into account the 
conditions of an emerging situational interest. Therefore the term interestingness is used. It describes 
interest referring to a context or surrounding. In this respect interestingness initiates a situational 
interest based on characteristics of an object of interest (Krapp et al., 1992; Krapp, 1999). In case of 
the individual interest, the situation is contrary to the situational interest. On the one hand there is a 
relatively stable interest that is linked to the habitual structures of a person and on the other hand 
there is a different form of individual interest that refers to a psychological state. The latter form is 
termed actualized individual interest or actualized state of individual interest. According to Hidi and 
Baird (cited in Krapp et al., 1992) it is based on two components: first, the individuals’ strong 
dispositions such as attitudes or orientations, and second, a context which triggers an object 
engagement. Hidi (2001), in contrast, merges situational interest and actualized individual interest. 
She considers both of them as belonging to what she calls the psychological state of interest. This state 
contributes to “increased attention and cognitive functioning, persistence and an affective 
component” (Hidi, 1990; Krapp, Hidi, Renninger, 1992 cited by Hidi, 2001). A representation of this 
further specification on situational and individual interest is shown in Figure 4-2. 
Figure 4-2. Framework of a specification on situational and individual interest. 
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4.1.4 Development of interest based on the concept of the three psychological needs 
Basic need Meaning 
Competence  an individuals’ wish to be effective, gain knowledge and to feel (self-) efficacy, 
it leads to an increase of expertise and abilities 
Autonomy a persons’ desire to act self-determined and feel independence in acting 
including no external or internal burden  
Relatedness an individuals’ ambition to be socially connected and to have a certain 
reputation in regard of reference persons 
Table 4-1. Characterization of the three basic needs in accordance with the self-determination theory (SDT), based on a 
review by Krapp (2005). 
Dewey already said when publishing the first ideas on a psychological concept of interest, that “it is 
not enough to catch attention; it must be held” (Dewey, 1913, p.91). He and others already suggested 
strongly a symbiosis of cognitive and affective factors as a basis of strengthened and lasting interest 
(Dewey, 1913; Rathunde, 1998; Rathunde & Csikszentmihalyi, 1993 cited in Krapp, 2003). According to 
Krapp (2003), the two usually separately appearing factors have to emerge jointly and do furthermore 
require a positive perception. Research approaches link the cognitive factors to theories such as the 
process of intention-formation (Heckhausen, 1991), self-regulated learning (Boekaerts et al., 2000), 
personal goals (Brunstein & Maier, 1996; Elliott & Dweck, 1988; Pervin 1989) and self-efficacy (Schunk, 
1991; Bandura, 1997) (review by Krapp & Lewalter, 2001). More precisely, those factors are related to 
“personal values, goals and volitionally derived intentions” (Krapp, 2003, p.72). The affective factor in 
contrast, refers to the “theory of self-determination” (SDT) by Deci and Ryan (1985,1991) and Ryan 
(1995) (cited in Krapp & Lewalter, 2001) and has a central role in regard of interest development 
(Krapp, 2002a). The SDT considers the individual as an active being that is anxious to fulfill basic 
psychological needs (Loukomies et al., 2013). According to Deci and Ryan (1985), Nuttin (1984) and 
Ryan (1995), an ideal working psychological system requires the achievement of the psychological 
needs (cited in Krapp, 2003). Thereby, the basic needs are classified into three types, namely, 
autonomy, competence and social relatedness (see review by Krapp & Lewalter, 2001). In light of that, 
“several studies have revealed significant relationships between empirical indicators of need-satisfying 
experiences and different criteria of interest development” (Krapp, 2002a, p.419). Moreover 
experiences which are based on the psychological needs can even establish an enduring interest (Krapp 
& Lewalter, in press; Lewalter et al., 1998 cited by Krapp, 2002a). A characterization of the three basic 
needs according to a review by Krapp (2005) is presented in Table 4-1. 
4.1.5 Development of interest as a transition from situational to individual interest 
A further approach is related to the idea of the “person object theory of interest” (see above). In 
accordance to it a repeated interaction between an individual and an object or context is able to create 
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a stable connection between both sides (Krapp, 2002a). As a result, an external and just short-term 
stimulated interest that appears just in a particular situation can become an interest that is related to 
an individual’s habitual structure. In other words a situational interest has the ability to develop into 
individual interest and thus may even impact a person’s disposition (Krapp et al., 1992; see review by 
Hidi et al., 2004). Hidi’s (1990) thoughts on the subject support that approach. According to her, the 
interplay of both situational interest and individual interest is considered mutually influential and 
promotes both (cited in Krapp et al., 1992).  
Based on those general understandings, Hidi et al. (2004), Hidi & Renninger (2006) as well as Krapp 
(2002b) models were designed in order to understand the process and features of a developing 
interest.  
 
It follows the approach of a multistage concept. More precisely, it characterizes the process of 
transition from evoking situational interest to a relatively enduring individual interest. According to 
Krapp (2002b) such a course is characterized by three essential phases. The first two are related to 
forms of situational interest. Based on the ideas of Mitchel (1993), a separation between a “catch” and 
a “hold” state is postulated (cited in Krapp, 2002b). In this respect the “catch state” of a situational 
interest is related to an immediate attraction respectively is “triggered by external stimuli for the first 
time” (Krapp, 2002b, p.398). Hidi and Renninger (2006) name that state “triggered situational 
interest”. As both researchers review, such a state is mostly external triggered and can be arranged by 
“learning environments that include group work, puzzles, computers, and so on have been found to 
trigger situational interest” (Hidi & Renninger, 2006, p.114). However, the situational interests’ “hold 
state” represents the second phase of an interest development. For this, Hidi and Renninger (2006) 
use the term “maintained situational interest”. It refers to a more lasting interest that stays for the 
time of a concrete action like it can be found in a phase of learning (Krapp, 1998, 2002b). Particularly, 
this state, mainly influenced by external conditions such as “project-based learning, cooperative group 
Figure 4-3. Multistage model of a transition from situational to 
individual interest. 
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work, and one-on-one tutoring” (review by Hidi & Renninger, 2006, p.114). In general, educational 
activities which are personally relevant and involving can be considered as supportive (Mitchell, cited 
in Hidi et al., 2004). The third and final step of the interest development consequently leads to an 
established individual interest as a “relatively enduring predisposition to engage a certain object-area 
of interest” (Krapp, 2002b, p.398). Hidi et al. (2004) and Hidi & Renninger (2006) further distinguish 
this final stage. They propose a division into an earlier occurring third phase and a final fourth phase. 
The new third step named “emerging individual interest” and is, according to Hidi et al. (2004) related 
to “a particular relation of a person to content that is characterized by strong positive feelings” (p.103) 
as well as knowledge. This also implies feelings, like a growing curiosity related to the content. Such a 
state is mostly initiated by a person’s self but can be moreover externally supported. This is either 
possible by peers and professionals but also demanding as well as inspiring surroundings (see review 
by Hidi & Renninger, 2006). A “well-developed individual interest” is considered being the fourth and 
final phase of the interest development. In comparison to all previous states it is identified by 
substantial affective and cognitive values. That means, a person in that stage “has significant levels of 
both stored value and stored knowledge” (Hidi et al., 2004, p.104). But also the quality of an object 
engagement differs in that state. As this state of interest is primarily internally triggered (reviev by Hidi 
& Renninger, 2006), an individual is most willingly to occupy oneself even if it is demanding  or causes 
partly frustration (Ainley et al., 2002; Renninger, 2000; Renninger & Hidi, 2002; Renninger & Leckrone, 
1991 cited in Hidi et al., 2004). Despite the fact that the well-developed individual interest is mainly 
personally generated, it can be fostered by arranging learning environments which provide 
“interaction and challenge” (Hidi & Renninger, 2006, p.115). The overall model of this multistage 
development of interest is shown in Figure 4-3. 
4.1.6 The role of interest for education  
As the previous sections on interest suggested, and numerous research studies already revealed, 
interest has a significant impact on education (e.g. Hidi & Renninger, 2006; Hidi, 2006; Krapp & Prenzel, 
2011; Krapp, 1998). One example of the increasing awareness was e.g. OECD’s PISA study in 2006 
which explicitly included students’ interest into their definition of scientific literacy and conducted a 
large-scale assessment on students’ interest (Bybee & McCrae, 2011). In regards to everyday teaching, 
it well-known that students’ attention, their goals and their levels of learning, are influenced by 
interest (review by Hidi & Renninger, 2006). Consequently, an engagement of interest is always 
considered to affect both, students’ cognitive and their affective structure (Krapp, 2002a). In this 
respect, interest leads to “stored knowledge, stored value, and feelings that influence engagement, 
questioning, and activity” (Renninger, 2007, p.1). The psychological state of interest promotes learning 
processes in class, for it is always related to “focused attention, engagement, or both with the 
affordances of particular content and it is this content that can be said to suggest possibilities for 
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activity” (Hidi et al., 2004, p.94/95). This positive tendency is reinforced by an interest’s general 
characteristic of being intrinsic (Krapp & Prenzel, 2011; Krapp, 2002a; U. Schiefele, 1992) which means, 
students perceive external demands as their personal goals. Thus, a more stable interest refers to a 
state of intrinsic motivation, which is e.g. beneficial in order to conduct longer-lasting learning 
situations (Krapp, 2002b). This is moreover confirmed by neuroscientific investigations which 
emphasize interest’s motivating characteristic (review by Hidi, 2006). However, interest also implies 
long-term educational effects, such as students’ academic choices (Köller et al., 2001; Milner et al., 
1987; see review by Hidi, 2006) and their achievement (Denissen, Zarrett, & Eccles, 2007; see review 
by Krapp, 1999) and is moreover a significant component of scientific literacy (Krapp & Prenzel, 2011). 
This means, interest serves as a key aspect of school education as it effects students’ performance, but 
also their future careers, and thus promotes professional growth. Olsen, Prenzel and Martin (2011) 
sum up: “The construct of interest can be used for describing tendencies to engage in science-related 
activities inside and outside of schools. Interest is one of the strongest predictors for decisions 
concerning the choice of courses, studies, and vocations. Interest may also explain the depth of 
engagement with science content and issues and the quality of learning processes” (p. 2). 
Despite that worthwhile relation between interest and education, everyday school life still doesn’t pay 
much attention to interest (Hidi & Renninger, 2006). Krapp (1998) puts it rather dramatically, when 
quoting Travers (1978, p.128): “school is more likely to be a killer of interest than the developer”. 
According to Helmke (1993) a decreasing interest already was detected in primary school (cited in 
Krapp, 2002a). Moreover, this trend continues in secondary school and is even more emphasized from 
age 11 onward (Todt, 1978; Lehrke, Hoffmann, & Gardner, 1985  cited in Krapp, 1999). This tendency 
towards negative development is particularly prone to subjects like mathematics, physics, chemistry, 
and less to biology (Todt, 1978; Todt & Schreiber, 1998; Eccles & Wigfield, 1992; Löwe, 1987 cited in 
Krapp, 2002b). In this respect it is not surprising, that especially the subjects of physics and chemistry 
are rather uninteresting to students (Gardner, 1998; Hoffmann et al., 1998a citet in Krapp & Prenzel, 
2011). Even worse, the two subjects’ perception differs according to the students’ gender in the sense 
that girls tend to be less interested than boys (Hoffmann et al., 1998). Krapp and Prenzel (2011) sum 
up: “the interest level and the course of interest development in science subjects depend strongly on 
the perceived attractiveness of the prevalent curriculum’s lesson content on the one hand, and, on the 
other hand, on the manner in which scientific knowledge is presented and taught” (p.43/44). Thus 
interest and its development have the opportunity to be influenced in manifold ways. Consequently, 
numerous studies provide answers on how to promote interest in school. Their practical advices mainly 
refer to the previous presented concept of the basic psychological needs and aim at their fulfilment. 
The three needs, namely, autonomy, competence and social relatedness (see review by Krapp & 
Lewalter, 2001) can be applied to form master categories for practical, educational advices (Daniels, 
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2008). In order to achieve a feeling of autonomy, lessons should offer variety (Palmer, 2009) and 
provide choices in tasks (Flowerday & Schraw, 2003 cited in Hidi & Renninger, 2006). Situations in class 
should be avoided, which lead to restricted student activities or reduce the scope for action or options 
(Prenzel, 1994 cited by Krapp, 1998). Activities like providing feedback, either through the teacher or 
other persons who are important to the student, are regarded to support the establishment of a 
competence feeling (Hidi & Renninger, 2006). Moreover, such a feeling can be promoted by the 
provision of required knowledge that is needed in order to successfully solve a task (see review by Hidi 
& Renninger, 2006). However, it is advisable not to give students feedback on unsatisfying learning 
progress. Thus frustration and the impression of strict supervision can be prevented (Prenzel, 1994 
cited by Krapp, 1998). Establishing a feeling of social relatedness is mostly related to teaching methods 
such as group work or project based learning (Hidi & Renninger, 2006). The main intention is to arrange 
situations that enable students to interact with peers or generally to allow social situations. As a 
consequence, students’ involvement during lesson should be strengthened. The same applies for 
collaboration (Prenzel, 1994 cited by Krapp, 1998).     
4.2 Self-concept 
Numerous studies have been conducted to date in order to gain insights into self-concept, and in 
particular, into academic self-concept. Results suggest that a persons’ positive self-concept promotes 
manifold educational features (Hardy, 2014). Positive effects seems to be even emphasized when a 
positive self-concept occurs together with a person’s interest (Krapp et al., 1992). Moreover a persons’ 
self-concept and his or her interest interact with each other (Denissen et al., 2007; Häussler & 
Hoffmann, 2002; Hoffmann, 2002). Consequently, in order to fully assess an emerging interest as it 
appears in the out-of-school laboratory, it is necessary to see that process from a different angle. Thus, 
the concept of self-concept including its characteristics and forms, along with the self-concept’s 
implications on education is presented in this section. 
4.2.1 Conceptualization and features of self-concept  
Investigations on students’ beliefs and conceptions have long been considered hard to assess 
(Zimmerman, 2000). However, that changed in the 1970’s when psychological research became 
increasingly aware of a persons’ self. Today, it has become a major field of interest (Tesser et al., 2002 
cited in Woolfolk, Hughes, & Walkup, 2013). In this context, establishing of a working approach to self-
concept was not easy for conceptual and methodological reasons. This changed in 1976, when 
Shavelson, Hubner and Stanton published their psychological model on a persons’ self-concept (see 
review by Hardy, 2014; Shavelson & Bolus, 1981). According to them a self-concept is a self-related 
perception of an individual itself. Furthermore “these perceptions are formed through one’s 
experience with and interpretations of one’s environment, and are influenced especially by 
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reinforcements, evaluations of significant others, and one’s attribution for one’s behaviour” 
(Shavelson, Hubner, & Stanton, 1976 cited in Shavelson & Bolus, 1981). In practical terms, those 
perceptions or experiences are determined by one’s academic or athletic performance, social 
relations, but also artistic skills and other attributes. Significant influences are attributed to support 
from the outside and relevant others like parents, peers and teachers (Shavelson et al., 1976 cited in 
Bong, Bong, Skaalvik, & Skaalvik, 2003). Especially social comparisons between oneself and others 
seem to be powerful (Byrne (1996) cited in Hardy, 2014). These and other comparisons, respectively 
interpretations are based on descriptive and evaluative perceptions (Byrne (1996) cited in Hardy, 
2014). Regarding educational concerns, this implies that students can e.g. generate their self-concept, 
on the one hand, according to test scores or grades, and on the other hand, when receiving 
recognition, as well as criticism. Moreover, a self-concept also refers to an individual’s feelings, their 
beliefs, opinions and expectations (Pajares and Schunk, 2001 in Woolfolk et al., 2013). This also 
includes the individuals’ internal assessment of her or his abilities in a specific field (Denissen et al., 
2007). In summary, it can be stated that a self-concept contains two facets, a cognitive one and an 
affective one (see reviews by Hardy, 2014; Woolfolk et al., 2013).  
Comparison dimensions  Academic self-concept 
 
Academic self-efficacy 
Working definition Knowledge and perceptions about 
oneself in achievement situations 
Beliefs for successfully performing 
given academic tasks at designated 
levels 
Central element Perceived competence Perceived confidence 
Composition Cognitive and affective appraisal of 
self 
Cognitive appraisal of self 
Goal-referenced 
Time orientation Past-oriented Future-oriented 
Temporal stability  Stable Modifiable 
Table 4-2. Comparison of self-concept and self-efficacy using their learning related forms (cited from Bong et al., 2003). 
During the same period that the self-concept idea was established, another important related concept 
was proposed by the psychologist Bandura. According to Hardy (2014) and Bong et al. (2003), 
Bandura’s concept of self-efficacy shares a lot of similarities with the self-concept theory in regards to 
their ability to determine a persons’ beliefs, feelings and action. However, there are differences that 
should be considered when applying one of the two concepts. Furthermore the researcher points out 
differences, to him an individual’s self-concept is more related to “evaluate their skills and capabilities 
in relation to a general perception” whereas self-efficacy “relate to the level of competence and 
conviction that a specific outcome can be achieved” (Hardy, 2014, p.553). Thus a self-concept rather 
represents a concrete assessment or judgement, whereas self-efficacy corresponds with expectations 
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or beliefs. It is therefore possible to say that the latter concept is future-oriented and modifiable 
compared to the self-concept which can be seen as past-oriented and relatively stable (Bong et al., 
2003). An overview is displayed in Table 4-2. 
4.2.2 The structure of self-concept 
Theories by Marsh and Shavelson conceptualize an individuals’ self-concept as a hierarchical model 
(e.g. Marsh, Byrne, & Shavelson, 1988; Marsh, 1990; Shavelson & Bolus, 1981). According to the first 
model by Shavelson, Hubner, & Stanton (1976) a structure is proposed that contains several stages of 
self-concepts (see Figure 4-4). Thereby it can be considered, the higher the level of self-concept, the 
higher its stability (Daniels, 2008). Within the hierarchy the overall self-concept is located at the top 
position, followed by a rough division. On the one hand, there are the non-academic self-concepts 
which are separated into a social concept, a physical appearance concept or an emotional concept and 
on the other hand an academic self-concept can be found. The letter can be further classified into 
academic self-concepts in English, Mathematics, Science, Art or other subjects (Hardy, 2014; Woolfolk 
et al., 2013). Further divisions are possible for each specific self-concept. The lowest level of the 
subdivisions belongs to concrete actions respectively behaviour (Hardy, 2014). From an educational 
perspective, the academic self-concept plays the most important part as it is especially related to that 
field (Hardy, 2014). It refers to “how people conceptualize their own abilities in a particular academic 
domain” (Chen, Hwang, Yeh, & Lin, 2012, p.310) and thus is based on a persons’ knowledge, as well as 
their self-perception of her or his performance (see review by Bong et al., 2003). As previously 
mentioned a persons’ academic self-concept can be subdivided. One of those divisions is the school 
self-concept. It characterizes an overall perception of one persons’ abilities at school (Köller, 2000; 
Möller & Köller, 2004 cited in Daniels, 2008). Therefore it contains all school-related subjects. 
However, in terms of this study the physics self-concept is particularly important as it is especially 
related to the subject of physics. Since interest in physics has to be distinguished into a general interest 
in physics as a field of science, and interest in physics as a school subject, the physics self-concept has 
crucial importance to students’ interest in the subject of physics (Hoffmann, 2002).  
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As mentioned before, the conceptualization of the self-concept theory was not easy. To assess 
students’ mental conditions, such as students’ beliefs, was rather challenging. In this respect more 
appropriate testing instruments to investigate students’ self-concepts were developed (see Marsh 
1988). Marsh and Hocevar (1985), Marsh and Shavelson (1985), and Shavelson and Marsh (1986) re-
examined the model by Shavelson, Hubner, & Stanton (cited in Marsh, 1990) that was explained in this 
section. In light of their findings and theoretical assumptions, they proposed a revision of the former 
model’s second order to the effect that there are two academic self-concepts along with the non-
academic concept. Accordingly, the researchers were able to demonstrate that the two distinguished 
forms of the academic self-concept were defined as a reading academic self-concept and a math 
academic self-concept (Marsh, 1990). An illustration of the empirically adapted model based on those 
considerations is shown in Figure 4-4. It should be mentioned that the previously characterized school 
Figure 4-4. Combined model of self-concept, based on Shavelson, Hubner, & Stanton (1976) and Marsh 
and Shavelson (1985). 
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self-concept belongs to both, the reading academic self-concept as well as the math academic self-
concept. This is due to the fact that it identifies students’ perceptions towards all school subjects.  
4.2.3 The role of self-concept for education 
According to Hannover (1998), self-concept influences interest and vice versa (cited in Hoffmann, 
2002). In regard of physics as a subject it is assumed, that a students’ self-concept is the best predictor 
for her or his interest in in the subject itself (Hoffmann, 2002). Therefore and especially for a rather 
unpopular subject like physics (Euler, 2004), the promotion of self-concept is a necessary aim. In the 
field of math education Marsh, Trautwein and Lu (2005) found positive correlations between math 
self-concepts and learning outcome and achievement. They furthermore consider an individuals’ self-
concept being a predictor of course selection. Other studies do support this and, furthermore, contend 
that self-concept impacts students’ engagement, self-management, as well as, performance (see 
review by Bong et al., 2003). 
Moreover the construct of self-concept has a mayor role to predict gender gaps in education. 
International comparative studies on students like TIMMS and PISA study revealed on the one hand 
differences in regards to both genders performance but on the other hand those studies also showed 
gender differences in students’ self-concept that can’t be just based on different performance at 
school (see review by Daniels, 2008). A study by Linn and Hyde (1989) presented a similar picture. Even 
though performance values of both genders did approximate, the gap in regard of the self-concept 
remained (cited by Daniels, 2008). This problem in particular appears in physics lessons, where girls do 
have a remarkably lower self-concept than boys of their age (Hoffmann, 2002). An explanation is given 
by Häussler and Hoffmann (2002); “in a climate in which boys tend to ridicule the argument of a girl or 
the physics teacher conveys the notion that girls are less apt to grasp physics, girls have a hard time 
developing confidence” (p. 872). That implies, school environment is regarded as giving female 
students no support to establish their self-concept. Especially when knowing about imbalance 
between the genders on the one hand, and the great significance of a students’ self-concept on 
educational concerns on the other, one can agree with Hoffmann saying: “giving girls a better chance 
in physics means supporting them in developing a positive physics-related self-concept which is one 
condition for developing general interest in physics as well as for higher physics achievement” 
(Hoffmann, 1999 cited by Hoffmann, 2002, p.462). 
5. Studies on out-of-school science laboratories 
As mentioned at the beginning of this chapter, out-of-school laboratories pursue wide-ranging 
objectives. However, many of them have been evaluated in research projects. Since the out-of-school 
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laboratory scene mainly developed since the turn of the millennium, the conducted studies still are of 
a manageable number. An overview of important investigations that have been implemented on out-
of-school laboratories is presented in Table 5-1. 
Researcher Research issue Design Population Subject 
Engeln (2004) interest, laboratory features post-test, follow-up grade 9/10,  physics, 
chemistry 
Scharfenberg 
(2005) 
Acceptance , interest, 
knowledge acquisition  
pre-, post-test, follow-
up 
grade 12 biology 
Brandt (2005) motivation, interest, self-
concept 
pre-, post-test, follow-
up 
grade 7/ 8 chemistry 
Guderian (2007) Interest, embedding into 
lessons 
repeated pre-, post-
tests 
grade 5/ 8 physics 
Glowinski (2007) Interest, knowledge 
acquisition, embedding into 
lessons 
post-test, follow-up grade 12 biology 
Pawek (2009) Interest, laboratory 
features, self-concept 
pre-, post-test, follow-
up 
grade 9-13 physics 
Zehren (2009) Motivation, Interest, 
embedding into lessons, 
understanding of science, 
relevance 
post-test, interview Grade 8, 9, 10 chemistry 
Weßnig (2013) Image, self-concept, 
vocational orientation 
pre-, post-test, follow-
up 
grade 10/ 11 chemistry, 
physics 
Table 5-1. Overview of important studies that have been conducted on out-of-school laboratories. 
5.1 Research on out-of-school laboratories 
Out-of-school laboratories are perceived fairly positively by students (e.g Weßnig, 2013). In particular, 
the places are very much liked by students and mean fun to them (Engeln, 2004; Pawek, 2009). Pawek 
(2009) attributed this to the special support of the young people and the place’s atmosphere on the 
one hand as well as the chance not just to perform experiments but also to do it independently on the 
other hand. Others furthermore report the laboratories’ positive outcome being based on scientific 
working methods as well as the outstanding equipment of those places, too (Weßnig, 2013). In doing 
so for many students the event seems to positively influence their attitudes towards science as well as 
their view on it but also the image of related subjects (Weßnig, 2013). Especially in regard of the 
previously mentioned unpopularity of science, which is particularly true for the subjects of chemistry 
and physics, on the one hand, and their perceived irrelevance by students on the other, those 
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laboratory outcomes are of significant importance (see review by Stuckey et al., 2013). However out-
of-school laboratories’ success needs to be regarded in light of their ability to fulfill major criteria, 
namely to promote students’ interest in the field of STEM (Di Fuccia et al., 2012; Euler, 2010; Haupt et 
al., 2013). Consequently, students’ interest is mostly evaluated by researchers. Their studies yield a 
uniform picture. All of them show that out-of-school laboratories do successfully promote students’ 
situational interest (e.g. Engeln, 2004; Glowinski, 2007; Guderian, 2007; Pawek, 2009). According to 
Krapp (1998), especially school education has to consider the development of students’ situational 
interests in order to establish broad interests. Taking into account that in regard to physics, girls have 
much less interest (Hoffmann et al., 1998), it is noteworthy to stress that the established interest in 
laboratories is not dependent upon gender (e.g. Engeln, 2004; Glowinski, 2007). Nevertheless over 
time a decrease in the evoked interest was found (e.g. Glowinski, 2007). Referring to the three interest 
components by Krapp and Schiefele (see section 4.1.2), it was found that both feeling-related and the 
intrinsic component of situational interest are declining (Engeln, 2004; Pawek, 2009). This is attributed 
by Pawek to students’ fading memory. In contrast to that, students’ appreciation of the laboratory’s 
technical content which is expressed via the situational interest’s value-related component remains 
stable (Pawek, 2009) respectively even slightly increases (Engeln, 2004) during that time. Both, Engeln 
and Pawek moreover tried to identify features that are influential on the laboratory’s situational 
interest outcome. According to their investigations, activity features such as challenge, authenticity, 
comprehensibility (Engeln, 2004) as well as care and atmosphere (Pawek, 2009) are supposed to have 
an impact. Pawek, in addition, showed that both, interest in science and in experimentation also affect 
situational interest. Based on his results he showed that the students’ interest in science over time did 
not change, but their interest in experimentation slightly decreased. The latter, he assumed, might be 
linked to students’ misconceptions regarding experiments or simply an emerging satisfaction after the 
experimental session. Additional research determined students’ self-concept, since it is a predictor of 
his or her interest and reveals a persons’ perception or awareness of itself. As a result, it was shown 
that out-of-school laboratories’ activities raise students’ self-concept (Brandt, 2005; Pawek, 2009; 
Weßnig, 2013). Thereby Brandt mentions a short-term increase that declines later on. In contrast, the 
assessed self-concept in Pawek's study remained long term. Along with interest and self-concept, 
additional positive effects did also appear for students’ intrinsic motivation (Brandt, 2005). Moreover 
effects on, difficult to change, dispositional values was found. This applied in particular students’ 
vocational orientation (Weßnig, 2013).  
Another research subject was the out-of-school laboratory’s conception. Most of the studies focused 
on one-day laboratory events, therefore Guderian (2007) and Zehren (2009) investigated the influence 
of multiple visits to the laboratories. Both suggest positive effects, e.g. on situational interests 
retention. Another aspect was the impact of pre and post work in regards to the out-of-school activities 
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respectively an integration into school. As this issue attaches importance for this study it is separately 
reviewed in the next section. 
5.2 A need to prove pre and post works’ effect on out-of-school laboratories 
In general, it can be stated that almost every study on out-of-school laboratories, as they are presented 
here, suggests the importance of a pre and post out-of-school laboratory work (Brandt, 2005; Engeln, 
2004; Glowinski, 2007; Guderian, 2007; Itzek-Greulich et al., 2014; Pawek, 2009; Scharfenberg, 2005; 
Zehren, 2009). However, till this day only indications for possible benefits occurring from such an 
approach do exist. A first study that explicitly took into account the embedding of the out-of-school 
laboratory was conducted by Guderian (2007). Here, he assessed students visiting the laboratory 
several times. In total 37 eighth grade students, assigned to a treatment group, and 10 students, 
belonging to a control group. Due to the special design of the laboratory activity and especially the low 
number of participants, his results only lead to further suggestions about the outcome of an integration 
of the out-of-school laboratory work. A second study was conducted by Glowinski (2007) in order to 
assess, among other things, a school preparation’s impact on out-of-school laboratory work. Therefore 
a laboratory activity was chosen that was linked to curricular issues. An explicit preparation at school 
wasn’t implemented. The study used a post-test, follow-up design and foregoes having an explicit 
treatment or control group. Therefore it queries students’ perceived preparation at school and 
correlates it with depending variables. However, results should be taken carefully as: first, teacher-
based information are missing which could either characterize taught issues, or the real amount of 
preparation work, or the date when it was implemented, second, collected data is just based on 
students’ perception after the laboratory activity, thus it is e.g. not sure whether students revive issues 
of their recent out-of-school laboratory work as apparently prepared at school. As a result blurry 
results might appear. That might be the reason, as just a low correlation between the preparation and 
its effect on situational interest was shown. The same applies for the results of a study conducted by 
Zehren (2009) which also investigated the effect of an implementation into regular lessons amongst 
broad range other research issues. In doing so he assessed multiple laboratory visits. In order to 
guarantee an implementation, the laboratory activity’s content was conform to the students’ 
curriculum at that present time. Evaluations were conducted at the end of five laboratory visits. They 
queried teachers on the one hand and students of a treatment and a control group on the other hand. 
Thereby ten classes with a science and language affinity were grouped as treatment group and nine 
classes with just language affinity were grouped as control group. Thus, based on the study’s design, 
no explicit provision of knowledge on the preparation work, an unlike composition of the treatment 
and control group and a likely interaction effect due to the multiple visits, the pre and post works’ 
impact cannot be entirely explained. 
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To sum up this section, even though studies exist that investigated the link between a preparation and 
post work of out-of-school laboratories just conditionally meaningful and needs further investigations. 
In this regard, it is necessary to more carefully consider an appropriate study design including a 
sufficient number of participants and to know more precisely about the pre and post work.
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III. METHODS & STUDY 
6. Research Questions and Hypotheses  
6.1 A need for research 
Theories on educational psychology, implications from existing research which has been conducted on 
out-of-school laboratories (presented previous chapter) as well as a conceptual approach, build the 
foundation for the research aspects of this study. In light of interest’s central role regarding the out-
of-school laboratories’ objectives, the focus is on its emergence. As it was presented before, interest 
has a significant impact on manifold facets of education. Short term effects, such as students’ 
cognition, their engagement, and their stored values (Krapp, 2002a), as well as long-term effects like 
course choices, are all affected by a subject’s interest (see review by Hidi, 2006). However, in contrast 
to that, empirical studies reveal a decline of interest during school time starting in primary school and 
reaching its climax in secondary school. Even worse, this holds especially true for physics and chemistry 
and for female students (see review by Krapp, 2002). Thus, achieving optimum interest is a major 
concern. Taking into account that “there is a developmental thread that links the repeated experiences 
of interested engagements to produce the psychological state of interest and its development as a 
disposition” (Hidi & Renninger, 2003 cited by Hidi, Renninger, & Krapp, 2004, p.94), a longer 
involvement with the laboratory’s content might be beneficial. Along with that, it was shown that 
many of the positive out-of-school laboratories’ outcomes do not last over time. Consequently, pre 
and post laboratory work is considered promising by out-of-school laboratory research (Brandt, 2005; 
Engeln, 2004; Glowinski, 2007; Guderian, 2007; Pawek, 2009; Scharfenberg, 2005; Zehren, 2009). In 
contrast, data by Engeln (2004) revealed that more than 85% of the visiting students state that they 
had almost no preparation for their out-of-school laboratory activity during their lessons at school. 
Also Griffin (2004) reported of such negative tendencies when it comes to preparation of out-of-school 
visits. In regards to conducted laboratory post work, the situation doesn’t really differ (Engeln, 2004).  
Nevertheless, even though some studies have been conducted in order to investigate that issue, they 
were only conditionally meaningful due to the previously mentioned limitations (see section 5.2). 
Therefore further research is needed in order to assess the impact of such pre and post work on the 
laboratory content. In contrast to previous investigations, this study uses a new approach. According 
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to it, students perform their pre and post work via an online portal which is adjusted to the out-of-
school laboratory content and the school curriculum. Thus the date of the implementation, as well as 
the content and its level of adaptation, is known. This shall lead to more precise information than 
before and cause more stable conditions for the investigation. In addition, the presented conception 
of an embedded out-of-school laboratory activity might be a promising response to two frequent 
criticisms in regard of the places. First, the laboratory activities’ characterization as limited due to the 
fact that they are just single appearing one-day events (e.g. Di Fuccia, Witteck, Markic, & Eilks, 2012). 
And second stated difficulties regarding the “fit in” of the laboratory content into the present school 
curriculum (e.g. Di Fuccia, Witteck, Markic, & Eilks, 2012). In summary it can be seen that implementing 
an online portal, which provides pre and post laboratory work, offers the opportunity to have a 
multifaceted and promising impact on out-of-school laboratories’ outcome. The evaluation of the 
effects is the object of this study. 
6.2 Research questions 
 
Based on the previous section’s theoretical considerations, different research question were 
formulated. Their major objective was to characterize the ways in which the out-of-school laboratory’s 
preparation and post enhancement, as it is provided by the online portal, does affect the out-of-school 
laboratory’s main intention, which is to promote students’ interest. To address this issue, this objective 
is further distinguished into five research questions based on principles of educational psychology and 
findings of previous out-of-school laboratory studies.  
Research question 1:  Does the online portal foster the out-of-school laboratory activity in order to 
establish a higher situational interest? 
Research question 2:  Does the online portal enhance students’ related self-concept? 
Figure 6-1. Research model of the conducted study; solid lines: proven interactions, dotted lines: interactions which need 
to be assessed by this study. 
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Research question 3:  Are the three dispositional values, interest in science and experimentation, as 
well as interest in a career in physics, affected by the online portal? 
Research question 4:  Are students’ perceptions of the laboratory’s features influenced by the online 
portal?  
A graphical representation of the interaction of the single psychological components related to the 
research questions and the online portal is shown in Figure 6-1. 
6.3 Hypothesis 
6.3.1 Hypothesis 1 - situational interest 
Studies on out-of-school laboratories demonstrated their success in achieving students’ interest in 
science (e.g. Engeln, 2004; Glowinski, 2007; Guderian, 2007; Pawek, 2009). However, it was found that 
after the laboratory event a decrease takes place. In particular, it was shown that situational interest’s 
value-related component maintains, whereas both the feeling-related and the intrinsic component 
decline (Engeln, 2004; Pawek, 2009). In accordance with the person-object-theory of interest (see 
section 4.1.2), interest is regarded as a special relation between a person and an object (Hidi et al., 
2004; Hidi & Renninger, 2006; Krapp et al., 1992; Krapp, 2002a, 2002b). Regarding the out-of-school 
laboratory, such an object might refer to a school subject, a concrete context or an experiment. Thus 
a pre and post interaction as it is provided by the online portal might support the development of 
interest and retention. Furthermore, this might be true, as interest is triggered by “short term changes 
in affective and cognitive processing” (see review by Hidi & Renninger, 2006, p.114). As a result, both 
parts of the online portal might affect such processing and facilitate the occurrence of interest. In 
regard to this it is likely that first, the amount of generated situational interest is higher for students 
who use the online portal, and second, that declines in situational interest, as reported by Engeln 
(2004) and Pawek (2009), will not appear. 
Hypothesis 1:  The online portal promotes students’ situational interest, therefore establishing a 
higher situational interest, which is sustainable. 
6.3.2 Hypothesis 2 - self-concept 
In accordance with the educational psychological theory and research on out-of-school laboratories, 
students’ self-concept is a predictor of their interest (Häussler & Hoffmann, 2002) and, more 
particularly, the situational interest that emerges from out-of-school laboratory activities (Pawek, 
2009). According to Krapp et al. (1992) the coincidentally occurrence of a positive self-concept 
together with a person’s interest promotes educational outcomes. A person’s self-concept is based on 
a person’s self-related perception and thus on one’s perceived competence, too. The online portal 
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therefore has the chance to support students’ self-concept already during the phase of their 
preparation and later on during post enhancement by gaining knowledge, but also confidence on 
laboratory related issues. Thus the self-concept might be higher in all three stages of the assessment 
for students using the online portal. As far as now, studies have revealed an increase in the self-concept 
right after the out-of-school laboratory activity (Brandt, 2005; Pawek, 2009; Weßnig, 2013). Thereby 
the long term trend is uneven, as the self-concept might decrease or maintain (Brandt, 2005; Pawek, 
2009). 
Hypothesis 2:  The online portal leads to a higher self-concept before the out-of-school laboratory 
activity, right after it and thereafter.  
6.3.3 Hypothesis 3 - individual interest 
In order to assess students’ individual interest, three specific fields of interest were assessed, namely 
students’ interest in science, experiments and a career in physics. Psychological theory on interest (see 
section 4.1.5) as well as empirical studies on out-of-school laboratories (Engeln, 2004; Glowinski, 2007; 
Pawek, 2009) already revealed the interplay between individual and situational interest. According to 
Krapp (2002b), a person’s individual interest is based on her or his dispositional or mental structure. 
In this regard, the establishment of individual interests is a long process that, according to 
psychological interest theory, has to consider different stages of its development (see section 4.1.5). 
Consequently, in order to establish a disposition related interest, it is necessary to put effort into the 
interest transfer process. In this way a triggered situational interest, as it appears in the lab activities, 
can be turned into to a maintained situational interest and later on into an individual interest. Thereby 
a well-developed individual interest always contains knowledge, values and feelings (Hidi et al., 2004). 
The online portal is designed in order to promote all of the three features. However, since the 
development of dispositional values is a long-lasting process, a significant influence caused by the 
online portal is not likely. Despite that it was found that laboratories generally might have an impact 
on students’ vocational orientation (Weßnig, 2013). In contrast their interest in science remains and 
interest in experimentation even might slightly decrease (Pawek, 2009). 
Hypothesis 3:  The online portal won’t affect student’s dispositional interest in science and 
experimentation or their interest in a career in physics.  
6.3.4 Hypothesis 4 - laboratory features 
In accordance with the theory on interest it was found that situational interest is affected by two 
facets: individual interests which are assessed via the third hypothesis and a context’s or place’s 
interestingness (Krapp et al., 1992; Krapp, 1999). Thus, the interestingness of the out-of-school 
laboratory gives a chance to promote interest independently from students’ dispositions. Therefore 
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Engeln (2004) and Pawek (2009), in their studies, assessed students’ perception of the out-of-school 
laboratory environment. Therefore they categorized so called laboratory features which are reworked 
in this study. As a result six laboratory features were implemented in this research, namely: challenge, 
comprehensibility, openness, support, relevance and involvement. In light of the interplay between 
cognitive features and perceptions, as they should be fostered by the online portal on the one hand 
and interest and self-concept as promoted by the out-of-school laboratory on the other hand (see 
section 4), positive impacts on students’ perception of the laboratory environment are very likely. 
Especially under consideration of interest’s characteristics, like the personal relevance and 
appreciation of an object of interest, feelings towards it and interest’s intrinsic quality. At this time, no 
studies have been conducted which assess the impact of an embedding of the out-of-school laboratory 
work on students’ perception of laboratory or its features. As it turned out, challenge, authenticity, 
comprehensibility (Engeln, 2004) as well as care or atmosphere (Pawek, 2009) are supposed to have 
an impact on situational interest. 
Hypothesis 4:  Students who used the online portal perceive the out-of-school laboratory 
environment respectively its features differently. 
7. Methods 
7.1 Design of the investigation 
 
This study is designed as a pre-post and control treatment empirical research for the purpose of 
comparing participants of control and treatment groups. In doing so, students of the treatment group 
have been provided with an online portal before and after their visit in order to prepare and post 
enhance their laboratory visit. The portal contains physical contents based in the DeltaX out-of-school 
science laboratory at the Helmholtz-Zentrum Dresden-Rossendorf. Participants of the control group 
are just regularly visiting, without having any additional task. To meet the research requirements, the 
 
Figure 7-1. Design of the study. 
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evaluation follows a longitudinal approach with pre- post-, and follow-up measurements (see Figure 
7-1). Accordingly, the surveys took place at three stages: the first, right at the beginning of the out-of-
school laboratory activity (Q1), the second, right at its end (Q2) and the third, six to eight weeks after 
the visit (Q3). The pre and post-test were located in the science laboratory in a quiet and uninterrupted 
surrounding. Later on, the follow-up was conducted at school under the supervision of the involved 
teacher. The processing of each of the questionnaires took 10 to 15 minutes. Students were assessed 
by using digital forms that were accessible via internet, namely Unipark, an academic online survey 
tool.  
  Pre-test (Q1) Post-test (Q2) Follow-up (Q3) 
Main Categories 
Personal Features (Gender, Age, Grade, School) x   
Interest in School Subjects x   
Interest in Science and Experimentation x  x 
Situational Interest   x x 
Self-Concept x x x 
Interest in a Career in Physics  x x x 
Laboratory Features  x  
Further Categories    
Online Portal (perception, attitudes - effect) x x x 
Scope of Preparation/ Post Enhancement x  x 
Actions caused by generated interest  x (intention) x (fulfilment) 
Note. The online portal category was just queried within the treatment group. 
Table 7-1. Categories and their appearance in the three assessment stages. 
7.2 Assessment Tool - Questionnaire 
The primary objectives of the assessment tools are to investigate, comparatively, students' initial state, 
the caused effects as well as the perceptions of the laboratory work and possible long term effects or 
trends. Based on the research questions and their implications regarding the research study design, 
the study consists of three questionnaires. To enable an appropriate and anonymous administration 
of the questionnaires, a seven digits code for each participant was required, consisting of: its gender, 
day of birth, as well as the first two digits of the mothers name and the place of birth.  
The assessment is mainly based on two previous empirical studies conducted in Germany at Leibniz 
Institute for Science and Mathematics Education (IPN) carried out by Engeln (2004) and Pawek (2009). 
Pawek’s further development of Engeln’s questionnaires was found suitable and valid to the demands 
of this study. According to Pawek, his questionnaire is supposed to be a universal tool for interest 
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based evaluation of out-of-school science laboratories. In his survey, Paweks investigated 734 students 
from grade 9 onwards in four physics oriented out-of-school science laboratories run by the German 
Space Agency (DLR). Using a pre, post, follow-up design Pawek assessed students’ dispositions, their 
interest and self-concept, as well as their perception of the laboratories. The Cronbach’s alphas 
internal consistency reliability coefficient of the categories which were used for this study revealed 
average-good values in regard of the internal consistencies (see scale analysis in the appendix). For the 
further application in this study some of the items have been cancelled, changed or newly added in 
order to improve internal consistencies. Moreover an additional scale was implemented in order to 
assess students’ interest in a career which is related to the field of physics. It is based on items used 
by Hoffmann, Häußler and Lehrke (1998) and further developed by Gedigk, Kobel and Pospiech (2013). 
Scale Number of Items 
in Q1/Q2/Q3 
Sample Item 
Interest in Science 7 / - / 7 To me, it is important to deal with scientific 
questions. 
Interest in Experimentation 3 / - / 3 While I am doing experiments, I do not notice how 
the time goes by. 
Situational Interest  
(Feeling-related Component) 
- / 5 / 5 I enjoyed doing the experiments. 
Situational Interest  
(Value-related Component) 
- / 5 / 5 The fact that we have performed experiments 
today is important to me personally. 
Situational Interest  
(Intrinsic Component) 
- / 4 / 4 I would like to learn more about the experiments 
that we performed today. 
Students’ self-concept 8 / 8 / 8 I have got no talents related to natural sciences. 
Interest in a Career in Physics 3 / 3 / 3 I can imagine working in a job related to physics. 
Laboratory Features  
(consisting of six subscales) 
- / 23 / - The procedure of the experiments was fixed. I 
couldn’t made own decisions. 
Table 7-2. Main categories number of items, and sample items. 
Apart from a few feedback related items, the collected data were quantitatively structured items, 
which means closed questions. Within the questionnaire, items are polytomous and measure students’ 
level of agreement or disagreement. That is done by a 5-point Likert scale, which contains five 
responses ranging from strong agreement through a neutral attitude to strong disagreement. The 
emphases of the investigation was put on the categories: the situational interest, the self-concept and 
dispositional scales such as students’ interest in science and experimentation but also their interest in 
a career in physics. Additional categories investigate students’ preparation and post enhancement in 
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school, respectively, through the online portal and their perception of the science laboratory by 
laboratory features (see Table 7-1). Sample items of the major scales are presented in Table 7-2. 
Analysed Cronbach’s alphas showed satisfying internal consistency for all investigated scales. Alpha 
values can be found in the appendix.   
8. The Study  
8.1 Population 
The empirical study took place from September 2012 till January 2014 at the DeltaX out-of-school 
laboratory located at the research center Helmholtz-Zentrum Dresden-Rossendorf. During that time 
all classes which registered for a visit conducted to the “magnetism” experimental day were involved 
in the survey. Based on the characteristics of that program, it was for students belonging to the 
upper secondary levels, and more particularly from grade 10 onwards (see Figure 8-1).  
 
Thus along with secondary schools mainly high school and professional high school classes 
participated. Involvement in physics learning per week differs from 2 lessons in the 10th grade to 3 to 
maximum 5 lessons a week in the upper secondary levels (Sächsisches Staatsministerium für Kultus, 
2010). For the final high school grades, mainly grade 11 to 13, physics becomes elective. Consequently 
students can reduce or increase their amount of physics lesson. Besides, there is a general trend of 
lower enrollment of girls (Sjøberg & Schreiner, 2005). The same also applies to the proportion of girls 
involved in this study, which is about 40% for the compared populations. Out of the visiting groups, 20 
classes belonged to the control groups, which visited the science laboratory without an additional 
intention and 35 treatments groups that were using an online portal to embed their visit in the 
laboratory. Treatment group students who did not carry out the online portal till the day of their visit 
were excluded from the study. This means in total numbers, 855 students participated while 67% are 
treatment group members (see Table 8-1). 
Figure 8-1. Distribution of grades within the groups: green grade 10 (green) belonging to the lower secondary 
level, grades 11 to 13 (bluish) are considered as upper secondary levels. 
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 Total Control Group Treatment Group 
Participants 855 (100%) 285 (100%) 570 (100%) 
Female absolute 344 (40%) 123 (43%) 221 (39%) 
Male absolute 511 (60%) 162 (57%) 349 (61%) 
Participants (Q3) 378 146 232 
Average age 16,7 16,8 16,7 
Table 8-1. Characteristics of the population, in brackets proportion related to the groups’ total. 
The selection of control and treatment groups was according to two previously set up time frames. In 
this respect, participating teachers had no chance to choose to which group they belong to. Thus the 
allocation to the two different groups was not influenced, neither by the laboratory authorities nor by 
the teachers themselves. The large number of participants and the random selection of the 
comparative groups shall lead to an increased validity. Whereas the number of participants in the pre 
and post-test was rather high, just 44% of all the students took part in the third assessment at school. 
The reasons for this are manifold. In the stage of their visit, 24% of the participants had their final year 
in school. Thus some classes did not participate as they were right in process of their final exams, 
others finished school as they passed the exams. Besides, for a few groups, the estimated follow-up 
was right in the middle of their six week summer holidays. However, to some teachers it was too 
demanding as they had to provide computers to run the final digital questionnaire, others refused to 
cooperate willingly. 
To meet the requirements of students’ data protection as well as related regulations, an authorization 
was obtained at the regional office of education. For this purpose, principals of participating schools 
received an informing covering letter. Moreover teachers, students and if attendees were below 18 
also their parents were asked for a written consent in order to take part in the survey. In this regard, 
and also before running the questionnaires, students have been enlightened that their participation in 
the study is voluntarily at any time. On that basis, some students decided not to take part. This number 
has not been recorded. 
8.2 Learning environment  
8.2.1 The DeltaX laboratory 
The DeltaX out-of-school laboratory was established in early 2011 at the research center Helmholtz-
Zentrum Dresden-Rossendorf. By that time the center became a new member of Germany’s largest 
research network, namely the Helmholtz Association. Being aware of upcoming challenges in a 
competitive global academic world, the association realized the promotion of young talents was their 
mayor key to remain a leader in science. As one part of that policy, associated research sites have been 
  Methods & Study 
41 
encouraged to establish out-of-school laboratories for students (Hermann von Helmholtz Association 
of German Research Centres, 2008).  Currently, about 30 laboratories in the whole country provide 
students from primary school up to secondary level with access to sciences in an attracting manner 
and impressive variety. Their mission statement is to enrich school education, promote young talents 
and academic career and to spread curiosity in science (Hermann von Helmholtz Association of German 
Research Centres, 2008). An overview of the different out-of-school laboratories which belong to the 
Helmholtz Association is presented in Figure 8-2. 
 
Based on the general characteristics and philosophy of the out-of-school laboratories (see section 2.1), 
the DeltaX lab addresses students, respectively whole classes with different one-day laboratory 
activities in the field of science mainly physics. Thereby it provides issues, methods and experiments 
that school usually can’t offer. An important aspect of its work is to connect the laboratory activities 
to current research of the center under consideration of students’ preliminary knowledge based on 
the regional curriculum. According to the previously mentioned categorization of out-of-school 
laboratories (see section 2.2), the DeltaX laboratory can be regarded as a classical as well as science 
communication laboratory. Thus, along with the promotion of students’ interests in the field of STEM, 
the acquisition of knowledge and skills regarding science and research, the laboratory’s objective is to 
inspire students in a future scientific career. In order to do that, DeltaX laboratory is committed to 
foster young people with passion and enjoyment.  
Figure 8-2. Network of the out-of-school laboratories within the Helmholtz 
Association (copyrights: Helmholtz Association, status as of 2015). 
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Therefore it offers numerous additional and regular activities for students of grade 5 to 13 including 
all types of school. Two permanent employees, one geoecologist and one physics teacher, plus flexible 
tutors for the pedagogical laboratory work as trainees, Ba or Ma students and PhD students are 
working at the DeltaX laboratory. The DeltaX is located in a modern lecture room of a newly renovated 
building on the campus of the research site. Its technical and scientific equipment, which is installed 
on working places and stowed in glass cabinets or sideboards, creates an appealing scientific 
atmosphere. Inside the room, tables and comfortable swivel chairs are positioned to provide four 
experimental stations where maximally eight students work. Consequently, the laboratory’s capability 
enables up to 32 students to operate simultaneously. Every experimental station hosts one 
experimental setting which differs from another but belongs to a common overall subject respectively 
activity. In this respect the laboratory’s practical work is organized similar to the idea of learning at 
stations (see reviews by Di Fuccia, Witteck, Markic, & Eilks, 2012; Hofstein, Kipnis, & Abrahams, 2013). 
The laboratory’s hands-on activity is the core element of the so called “experimental day” as it provides 
a full-day program for students.  
i Introduction & Presentation 
ii Breakfast Break 
iii Experimentation – Part 1 
iv Lunch Break 
v Experimentation – Part 2 
vi Presentation of the center’s Research 
Note. Part vi is just obligational for “Magnetism and Materials Research” activity, others voluntarily. 
Table 8-2. General scheme of the DeltaX experimental days. 
8.2.2 The Experimental Day 
In average four times a week school classes visit the laboratory and participate in an experimental day. 
Currently, the DeltaX laboratory enables visitors to choose between four different experimental days 
in the field of physics. It covers topics such as: light, wave optics, magnetism, materials research, 
radioactivity and radiation. The day’s technical content is appropriate to the grade of the students and 
their previous knowledge. The same applies to the guides, who are chosen for each experiment and 
grade according to their abilities and gained experiences. But also the day’s agenda is age adjusted. 
The experimental day usually starts at 9 in the morning with short safety precautions, an introduction 
of the research center and a brief insight in the work that will be done in the laboratory. Afterwards 
the experimentation phase in the laboratory begins. It includes two breaks; one of 15 minutes for 
breakfast and another one of 40 minutes for lunch in the center’s canteen. As future university 
students or scientific professionals but also in order to give an attracting insight in the center’s 
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research, students may receive a final scientific presentation or tour through a research laboratory. 
The participation in that part depends either on the chosen experimental day or on the students’ class 
teacher, who can choose this item additionally. Between 1 pm and 4pm a short farewell for the visiting 
class marks the end of their stay. However, the experimentation is the central part of the day. Related 
to the ideas of constructivism, the work in the out-of-school laboratory tries to engage students’ 
actively and tries to give space to think and for trial. In this regard, the instructor becomes a guide, 
serving students in their learning process (see for example a review by Farrell, Moog, & Spencer, 1999). 
Therefore all pedagogical instructors get a special training in order to ensure those claims. Each of the 
guides is responsible for one working station respectively one experimental issue. In order to ensure 
an appropriate knowledge, each guide gets prepared in three ways before running a station: first by 
having a professional training on the required technical content, second by receiving a written 
instruction including the experiments expectations and results and third by observing the station while 
it is performed. Each station lasts from 45 minutes to 2 hours. During their day, students usually 
perform two to four of them. At the stations itself, up to four pairs of students work cooperatively. In 
doing so, they are dealing with questions leading themselves to ideas of investigations, which further 
need to be set up as an experiment but also need to be analyzed and interpreted. Additionally work 
sheets support and guide the students through the station. They include information on the content 
of the experiments, give suggestions but also tasks to investigate and to note. In this regard, the activity 
can be considered as mainly structured but in some parts also guided inquiry work (Bell, Smetana, & 
Binns, 2005). A short overview is presented in Table 8-2. 
8.2.3 The “Magnetism and Materials Research” activity  
Experimental Station Experimental Issue 
Types of Magnetism Properties of diamagnetic, paramagnetic and ferromagnetic materials and 
their characteristic behaviour in the magnetic field 
Resistance at low 
Temperatures  
Electrical conductivity at very low temperatures (up to -196 °C) of materials 
such as metals, semiconductors and superconductors 
Electric Black Boxes Identification of different electric and magnetic components in the electrical 
circuit through an external magnetic field or tools like an oscilloscope 
Oscillating Circuit Properties and behaviour of electromagnetic oscillating circuits through real 
and simulated circuits  and their comparison 
Magnetic Domains Forming, characteristics and interactions on magnetic domains well as 
magnetic hysteresis of ferromagnetic materials  
Table 8-3. Experimental stations related to the "Magnetism and Materials Research" activitys and a brief characterization. 
The empirical study described in this essay is focusing on the experimental day of “Magnetism and 
Materials Research”. It was the first program that was operated by the newly opened out-of-school 
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science laboratory. On the basis of recommendations and technical input of researchers, the author 
and two colleagues created and further developed the experimental day’s setup in the first year 
constantly. Altogether workstations of 60 minutes were created, dealing with the issues of: the 
different types of magnetism, ways to create magnetic fields including the electromagnetic oscillator 
circuit but also work linked to electronics and resistance at very low temperatures (see Table 8-3).  
In comparison, the “Magnetism and Materials Research” activity has some of its own characteristics, 
distinguishing it from the other activities. Besides containing all three phases of the experimental day’s 
general agenda – namely introduction, experimentation and the presentation of the center’s research 
(see Table 8-2) – their amounts of time and work are more extended. 
So at the beginning, to catch and prepare students for their day, a small group experiment is included. 
For this purpose the class gets divided into three groups and does a small research related mystery. By 
performing that task of 20 minutes students got to know the process of doing research in a playful 
manner. In the phase of experimentation more sophisticated tools and materials are used, e.g. 
oscilloscopes, microscopes, power supplies, but also superconductors and liquid nitrogen. The 
experimentation’s amount of time, which is four hours, is the highest among all activities. 
Furthermore, after the experimentation phase, the “Magnetism and Materials Research” activity 
finishes with an authentic impression about research and science. Therefore, scientists guide groups 
with fewer students through one of the center’s research laboratories or to facilities and give 
explanations. In the case of larger groups, in a seminar room researchers present their field of 
investigation as well as their professional career and everyday working. In almost all cases the 
presented contents are related to the issue of the experimental day. In this regard, the final part shall 
create a link of the laboratory context and related research issues but moreover provide students with 
a true insight into research work, scientific professions and the people behind it. In this respect the 
experimental day lasts altogether from 9 am to 4 pm. 
8.3 The Online Portal for preparation and post enhancement  
8.3.1 Preliminary Considerations 
Along with a general call for the integration of the out-of-school laboratory work which is based on its 
possible benefits (see section 5.2), the preparation and post enhancement application should meet 
further requirements. Therefore impressions of the daily work in the laboratory, recommendations of 
teachers as well as experiences of colleagues of other Helmholtz Association out-of-school laboratories 
created additional approaches in terms of both conception and execution of the application. In 
summary, it was common request, on the one hand to provide students with preliminary knowledge 
necessary for the experimental work and on the other hand to arouse their interest on the 
experimental day’s issue. This is particularly relevant in light of the out-of-school laboratories’ primary 
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goal which is to achieve and to sustain students’ interest in science (Di Fuccia et al., 2012; Euler, 2010). 
Thus it is necessary to foster students’ cognitions along with their affects in order to promote their 
interest  (Hidi et al., 2004; Hidi & Renninger, 2006; Krapp, 1999). In that regard it is noteworthy to 
mention investigations by Falk and Storksdieck (2005), showing the beneficial interplay of prior 
knowledge and interest in order to also affect visitors learning. Moreover, research on field trips 
indicated that learning performance was promoted when cognitive, psychological, and geographical 
novelty of the field trip experience was reduced (Orion & Hofstein, 1994). 
However experiences of other laboratories, which sent agendas for preparation lessons at school via 
CD or that sent whole booklets with recommended preliminary knowledge were rather frustrating, as 
they failed in their intentions. Moreover the portal had to fulfill specific demands of the students 
themselves, their teachers and the laboratory authorities. In concrete terms an attracting application 
for students should be provided, which is easy to access and to handle. Different levels of proceedings 
have to be embedded in order to catch interested students, too. However, the application’s technical 
content should fit for all 10th, 11th and 12th graders at any time of the school year. This should enable 
teachers to decide for themselves whether they implement the application as part of their lessons or 
besides. To ensure their participation in the project, their required involvement to proceed the 
application needs to be reduced to a minimum. In addition, for both the teacher and the laboratory 
staff it is highly important to have – in the ideal case – the whole class participating. Therefore it is 
necessary to verify students’ participation but also their quality and intensity of work. Di Fuccia et al. 
(2012) citing Schmidt, di Fuccia and Ralle (2011) get to the heart of the overall challenge of an out-of-
school lab activity’s pre and post work embedded at school : “integration seems to be quite difficult, 
because many of the topics covered by out-of-school labs often do not fit in the school curriculum. 
Another factor is time-restrictions, which make a ‘fit’ […] almost impossible” (p.68/69). 
To match all the practical demands and the latter general challenge for the proposed application, an 
online portal was chosen. In conclusion, choosing a web based application was accompanied by a lot 
of promising features. First, teachers at school got the chance to use the application either in their 
lessons or out of them as a kind of “homework”. Second, further flexibility is provided as the 
implementation does not necessarily have to be in accordance with the subjects’ curriculum. Third, 
also students benefit from that flexibility, as they can organize themselves when to process their tasks 
and in how many steps, as they have a personal account for the portal. Fourth, the implementation 
through the internet ensures an easy access for all – teachers, students and the out-of-school lab 
authorities. It provides the “digital natives” a convenient surrounding which is easy for them to handle. 
Fifths, supervision of students processing their tasks, as well as assessing their results, enabled for 
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both, teachers and the lab stuff without difficult exchange via telephone or email. This together with 
the easy provision of the content led to very little organization and saved time for all parties.  
8.3.2 Implementation  
The online portal was hosted on the web-based learning platform OPAL which runs for most common 
operating systems, such as Linux, Mac OS X, and Microsoft Windows. Based on a content management 
system, the OPAL platform allows users to publish, edit and modify content easily and offers a broad 
variety of tools also for teaching demands. OPAL is the common platform for academic online learning 
of all Saxon universities and higher education institutions. In one word, it provides tools or courses to 
members of academia for web-based learning, teaching and administration. In this respect the access 
of school students was an exception due to that research project.  
The instruction on the online portal followed a repeating routine in order to provide all information 
and the accesses to the portal to all students and the teacher. Thus, beginning four weeks before the 
visit at the out-of-school laboratory, the teacher of the participating class received an envelope. It 
includes general information on the study, an extended access code to the platform for teachers and 
recommendations for both the usage of the online portal and its agenda. Besides that, further 
handouts for students were added, such as an instruction about the terms and conditions for the usage 
of the OPAL platform and sheets with the personal login and password for the later handed out. 
According to the agenda that was sent to the teacher, two weeks before the visit personal logins for 
each student were handed out. To not forget, teachers were reminded via email, too. From that 
moment students started to operate the online portal.  
The online portal itself is a collection of three mayor courses: two of them, courses V_Basis and V_Plus 
for preparation purpose and the third one, N_Expo for post enhancement. To get students involved 
and to catch the teacher, the participation in V_Basis was set up as mandatory to all classes during the 
period of the treatment group investigation. This was announced by an official letter from the out-of-
school science laboratory and was generally accepted by the teachers. In this respect teachers and 
students had to deal with the portal and access it. What is more, teachers were also pleased to further 
participate in the two optional courses V_Plus and N_Expo of the online portal and therefore to 
encourage their students in doing so. In order to emphasize students’ interest to perform the two 
additional parts, participants performing all courses could win a voucher and furthermore receive a 
certificate of their participation. The portal also took into account a feedback tool for the teacher. For 
this reason, once a student terminated the obligatory course, an email was sent to the teacher 
automatically for the purpose of verification. Besides a copy was sent to the laboratory authorities, 
too. This tool helps to ensure the students’ participation on a high level.  
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The display surface of the portal is clearly structured based upon the design of the OPAL web-based 
learning platform on which the portal was set up. Its structure is similar to the general arrangement of 
a homepage surface. Whereas the header is fixed for the logout and navigation inside the OPAL 
platform, the remaining part is taken by the created online portal. Along with the main frame where 
all the content of the portal appeared, a menu for navigation inside the online portal was on the left 
side. Here along with the three courses V_Basis, V_Plus and N_Expo two additional pages can be found. 
For the one thing, a welcome page is installed to inform about the structure and idea of the portal, for 
another a help and support page is set up to solve portal related problems or requests. 
8.3.3 Content  
All the three courses which are displayed comprise HTML programmed web pages. In order to monitor 
students’ results and to verify their attendance, checks have been installed additionally for the 
obligatory course V_Basis. Their role is to ensure a careful processing on the course’s chapters, through 
being completed in order to continue with the next chapter. Therefore three to four multiple choice 
tasks had to be responded. They were embedded in a user-friendly flash application. All the web pages 
were self-constructed in HTML markup language. The pages’ appearance was like a wiki, which means 
it comprised a structuring, scientific illustrations, figures, graphs, tables, text modules, and hyperlinks 
to external contents. All pages were kept in a common design capable of attracting students and 
scaffolding their learning process. For instance text modules like regular text, titles, important terms, 
definitions, links or additional information, were distinguished by different styles as well as icons at a 
segment’s beginning. 
The technical content of all the three parts was determined by their intention; V_Basis to give a 
thorough preparation, V_Plus to arouse interest for the experimental day’s issue and N_Expo to show 
the link between current research and the students’ experiments issues for a further enhancement. 
The content of the V_Basis course and its five chapters is closely linked to the technical content of the 
“Magnetism and Materials Research” experimental day and offers all the required preliminary 
knowledge. Therefore it is also adopted to the curriculum of the visiting students. The courses’ 
chapters were technically focused on: magnetic field, electromagnetism, electrical conductance, 
electrical network and oscillation circuit. The same applies to the tasks of the chapters’ checks. For the 
V_Plus course an interest in stimulating subjects was chosen that was related to the experimental day’s 
issue. Their intention was to attract students in a practical and theoretical manner. In doing so, two 
experiments were suggested. One of them on how to build a magnetic field detector and another on 
a self-made wound capacitor. Besides that, articles on the phenomenon of geomagnetism and the 
discovery of superconductivity were presented. In contrast to the other courses, the N_Expo course 
took place after the students’ visit at the out-of-school laboratory. For that reason it was important to 
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offer a content which revives the laboratory’s experiments and shows current research. In this respect 
the experimental day’s issues should be kept in mind and should become relevant to the student. In 
practical terms, two comprehensive articles gave an insight about high magnetic fields on the one hand 
and the microscopy of invisible magnetic structures on the other hand. At the same time, a connections 
to the lab experiences was shown. An overview is presented in Table 8-4. 
Preparation 
 
Course 
V_Basis 
 
Chapter 1 Magnetic field: Definition and characteristics of magnets, 
magnetic field and its features, magnetization 
 Check on the issues of magnetic field 
Chapter 2 Electromagnetism: Oersted's law, characterization and 
dependencies of electromagnets, magnetic induction 
 Check on the issue of electromagnetism 
Chapter 3 Electrical conductance; process, definition, requirements 
and dependencies, conductance in solid matters 
 Check on the issues of electrical conductance 
Chapter 4 Electrical network; generation of electric current, physical 
size of current and voltage 
 Check on the issues of electrical network 
Chapter 5 Oscillation circuit; oscillation process, definition physical 
terms and damping, electromagnetic oscillation 
  Check on the issues of oscillation circuit 
Course 
V_Plus 
Issues Superconductivity: historical background and discovery, 
applications and current research  
 Geomagnetism: the earth and its giant magnetic field, 
reasons and processes in the earth’s interior 
Experiment Wound capacitor: manual and explanation 
   Field detector: manual and explanation 
Post Enhancement Course 
N_Expo 
Focus 1 High fields: the institute’s research on Europe’s highest 
magnetic fields; reasons, processes and challenges 
Focus 2 Invisible structures: research on ferromagnetic 
structures; background, methods and tools  
Table 8-4. Structure of the Online Portal and belonging contexts. 
9. Statistics 
After the process of data gathering and before the phase of data analysis, it was essential to do a data 
cleansing. Therefore missing values were defined and codes of negatively worded items got reversed. 
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Besides, the digitally surveyed data was grouped according to the dates of visit in order to prevent 
mismatches based on a participants’ personal code that was used to match the questionnaires. 
Participants who took part in only one questionnaire were removed. Furthermore, the survey uses a 
5-point Likert scale. In order to facilitate the analysability the symmetric scale was rescaled to a range 
from 0 to 4, whereas 0 stands for the lowest and 4 highest agreement to an item. The procession of 
the statistical procedures were conducted with the statistic analyse software SPSS (version 20) and for 
the latent class analysis with R a programming language for statistics. 
9.1 Reliability, validity and item analysis 
In order to ensure the quality of a quantitative scale and to review the scale fit of each belonging item, 
an item analysis was implemented. In this way, the item analysis signifies a tool which ensures the 
reliability and validity of all scales, and its belonging items of this study. As a consequence it gives 
reasons for the elimination of inappropriate items. Therefore the item analysis involves the following 
statistical procedures: item difficulty, item discrimination and the item-total statistic. The item-total 
statistic includes means, standard deviations and reliabilities in case of deletion of the tested item. 
Besides, all categories were examined by allying an exploratory factor analysis in order to assess their 
dimension respectively homogeneity. 
9.1.1 Reliability  
Reliability is a term which describes whether an item or scale is dependable also under various 
conditions (Field, Miles, & Field, 2012) or in other words whether an item or scale truly measures what 
it should measure while ensuring a minimum of distortion (Kerlinger & Howard, 2000). Therefore it is 
necessary to determine the difficulty of an item (find below) and the reliability coefficient Cronbach’s 
alpha. The Cronbach’s alpha is a coefficient to estimate the reliability of a scale by expressing its 
internal consistency (McIntire & Miller, 2007). Generally speaking, a test or scale with an alpha 
coefficient greater than 0,7 can be considered as applicable (Kline, 1995). In case of scales related to 
psychological constructs, a value even below 0,7 is an appropriate Cronbach’s alpha (see review by 
Field et al., 2012). 
9.1.2 Validity  
A test, scale, or item has the property of validity if it, in fact, measures what it shall measure (Field et 
al., 2012). Most important for a research study is the construct validity. It focusses on whether a test 
or category really contains one concept which needs to be investigated (Kerlinger & Howard, 2000). 
The content validity of all the categories which were applied in that test have been assessed by a factor 
analysis (see below). 
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9.1.3 Item difficulty  
The item difficulty allows to prevent the so called ceiling and floor effects. Both effects characterize an 
item’s measurement inaccuracy at the edge of its rating scale (Bortz & Döring, 2006). In other words 
the item difficulty explains whether an item is too easy or too difficult and whether an item indicates 
a certain direction of responses that are likely for most of the participants. It is expressed by a value 
that ranges from 0 to 1. In this regard, a value towards 0 shows that almost no participants agree to 
the item. In other words it is a hard item. In contrast, an easy item is characterized by a value towards 
1, which means that most of the participants agree with the item (Kerlinger & Howard, 2000). An ideal 
value therefore would be 0,5, which means that respondents’ agreement and disagreement are in 
balance. A preferable value ranges from 0,2 to 0,8 (Bortz & Döring, 2006). In this respect the item 
difficulty also indicates participants’ response behavior regarding the item.  
9.1.4 Item discrimination  
The item discrimination is a tool which shows a relation between an item and the total score of a 
category. The higher the item discrimination value, the more discriminating the item. A discriminating 
item is able to represent the overall category score. Thus it reveals Item discrimination values range 
from -1 to 1. A range from 0,3 to 0,5 is considered as moderate, values above are ranked as high. Items 
below 0,3 should be removed (Bortz & Döring, 2006).  
9.1.5 Item-total statistic 
An item-total statistic is added for each category in order to show the relation between an individual 
item and its categories’ overall score. Therefore it contains the categories’ mean, its standard 
deviation, and its coefficient of reliability, the Cronbach’s alpha. Additionally, those values have been 
determined for each belonging item in case of its deletion. As a result, based on the shown correlation 
between an item and its scale, an item can be excluded in order to improve the internal consistency 
(Howitt & Cramer, 2006).  
9.2 Effect size  
In order to “provide an objective measure of the importance of an effect” (Field et al., 2012, p.58) 
effect sizes were determined. In doing so, Pearson’s correlation coefficient r was used for this study. 
Its values range between 0 which means no effect and 1 for a perfect effect (Field et al., 2012). Based 
on suggestions by Cohen (1992) effects are distinguished into small, medium and large. He, in 
colloquial speech, describes a small effect size to be “smaller than medium but not so small as to be 
trivial”, a medium effect size as representing “an effect likely to be visible to the naked eye of a careful 
observer” and a large effect size having “the same distance above medium as small was below it” 
(Cohen, 1992, p. 156). Moreover, he allocates values to specific effect sizes (see Table 9-1). 
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 effect size variance explanation 
small effect 0,1 1% 
medium effect 0,3 9% 
large effect 0,5 25% 
Table 9-1. Overview on the distinguished effect sizes, their values and their variance explantation. Variance explanation 
based on Field et al. (2012). 
9.3 Exploratory factor analysis (EFA) 
The exploratory factor analysis is a tool, which leads to a reduction of data in the sense that it 
(re)groups out of a pool of various variables those, which are loading on one so called factor. In this 
respect a factor can be considered as an independent variable or common feature of items. At the 
most, the number of factors can be as many as items assessed by the factor analysis. In general, it leads 
to a reduction of the original independent variables (Howitt & Cramer, 2006). In order to prove 
whether factors might exist, a previous correlation analysis (R-matrix) is helpful (Field, Miles, & Field, 
2012). The factor analysis limits the factors via the so called eigenvalue, which is determined for each 
factor. Factors with eigenvalues greater than 1 can be considered as meaningful (Howitt & Cramer, 
2006), so called Kaiser criterion (Fabrigar, Wegener, MacCallum, & Strahan, 1999). Additionally a scree 
plot, which is a plot of the eigenvalues against the factors, may be useful to select the right factors. 
Whether a variable is appropriate to a factor is characterized by the factor loading, which is, in fact the 
correlation coefficient of both. In this respect, the higher a variable’s factor loading, the more it 
characterizes the factor itself. The factor loading ranges from -1 to 1. According to Bortz and Döring 
(2006), variables having a factor loading above 0,6 can be considered as reliable. Whereas, according 
to the sizes of the sample, factor loadings even below can be accepted (see review by Field et al., 2012). 
In regards to this, factor loadings greater than 0,5 were accepted as satisfactory within this study. 
Likewise, items whose loadings were below 0,5 were removed. Figure 9-1 demonstrates the general 
scheme of a factor analysis.  
 
9.4 Chi-square test 
For the purpose of determining differences between observed and expected frequencies chi-squared 
tests are used (Bühl, 2012; Field et al., 2012; Mulcahy & Gregory, 2009). This test reports the relation 
between two categorical variables (Field et al., 2012). The size of the chi-squared value characterizes 
the disparity between the variables (Howitt & Cramer, 2006). High chi-squared values, consequently, 
Figure 9-1. General scheme of a factor analysis based on Kerlinger & Howard (2000). 
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serve as a predictor for the difference’s significance (Mulcahy & Gregory, 2009). In order to monitor 
such a significance, along with the chi-squared value, the degree of freedom is needed, too (Field et 
al., 2012). On the one hand, implementing the chi-squared test requires nominal data, while, on the 
other hand a sufficient distribution. Therefore, it is recommended that maximum 20% of the single 
frequencies are smaller than 5 (Bühl, 2012; Mulcahy & Gregory, 2009). 
9.5 t-test 
The t-test is used to analyze whether two statistic dates differ significantly. In regard of its samples, 
the t-test can be distinguished into a one sample and a two sample t-test. Whereas the one sample t-
test compares a samples dataset with a setup value, the two sample t-test determines differences 
between two sets of scores (Bühner & Ziegler, 2010). Moreover, there are two different two sample t-
tests. First, the related t-test, also known as the t-test for dependent samples or matched pairs. This 
test is used if the compared two scores belong to the same sample, for instance an assessment at 
different stages of time. Second, the unrelated t-test or independent samples t-test, is used in order 
to determine differences between two different samples, like the participants gender (Howitt & 
Cramer, 2006). To apply the t-test, normal distribution of the data is required (Kerlinger & Howard, 
2000). According to Bortz and Döring (2006) a violation against the normal distribution is acceptable 
for samples consisting of more than 30 participants. Despite that, a Kolmogorov–Smirnov test (KS test) 
as well as a Q–Q plot has been progressed for all involved items. Furthermore the independent t-test 
demands additionally homogeneity of its variances. It is appropriate to do a so called Welch’s t-test, 
which is working in case of violation of the assumption of homogeneity and also in case of homogeneity 
(Field et al., 2012). 
9.6 Analysis of Variances for single and multiple factors 
The analysis of variances (ANOVA) is a statistical procedure to compare the means of groups. The 
simplest one is the ANOVA for single factors (also one-way ANOVA). It analyses the mean of a 
dependent variable related to groups which belong to an independent variable (called a factor). It 
focuses on the question: How does the variance of scores, within a factor’s group, differ from the 
variance between the groups? In case of a variance between the groups greater than within the groups, 
the data indicates a difference between the groups (Punch, 2014). As the t-test covers comparison of 
two independent groups, the ANOVA for single factors is usually used for more than three groups and 
can be regarded as a generalization of the t-test for more than two groups (Kerlinger & Howard, 2000). 
Furthermore, the ANOVA is also able to analyse more than just one factor respectively independent 
variable. The advantage of that ANOVA for multiple factors is the assessment of the interaction of the 
different factors in addition to the main effects of the single factors. As a result further impacts within 
the groups can be considered (Howitt & Cramer, 2006). For all ANOVA the data’s normal distribution 
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as well as homogeneity of variances is required. As already mentioned, for samples of more than 30 
participants a violation against the normal distribution is acceptable (Bortz & Döring, 2006). In this 
respect, a Kolmogorov–Smirnov test (KS test) as well as a Q–Q plot, again, has been enacted for all 
involved items. In order to assess the homogeneity of variances, Levene's test was applied, too. In 
general, it is beneficial to compare the ANOVA’s repeated measures with the Bonferroni corrected t-
test. This correction neutralizes the cumulation of alpha errors due to multiple t-test comparisons 
(Field et al., 2012). 
According to the study’s design, the treatment and the control group need to be compared during 
different stages of time. It requires to compare on the one hand the two groups and on the other hand 
the three stages of time. However, as individuals of each group are assessed more than once, the 
analysis of the variances needs to be adjusted (Howitt & Cramer, 2006). Therefore a repeated 
measures ANOVA for two factors is used.  
9.7 Latent Class Analysis (LCA) 
The rationale for using latent class analysis (LCA) is rather similar to the factor analysis (see before). It 
assumes correlations within a sample that explain so called latent classes, which are variables that are 
not directly measurable (Kaplan, 2004). In this regard, the LCA is a statistical approach which reveals 
and identifies unobserved subgroups of an assessed population by clustering similar (observed) 
responses. In doing so, the LCA algorithm maximizes both heterogeneity between the classes and 
homogeneity within the classes (Rost, 2004). The LCA is conducted with a finite mixture modeling. It 
enables the possibility to determine the probability that participants will belong to different latent 
classes. Thus it is necessary to interpret the LCA’s output. Therefore, a participants’ affiliation to a 
latent class is based on the magnitude of its probability level (Backhaus, Erichson, & Weiber, 2011). It 
is noteworthy, that an LCA does not tell which item score belongs to which class, it reveals a structure 
within the data (Reunanen & Suikkanen, 1999). For analyzing results of this research, LCA was 
implemented in R, a programming language for statistical computing. Using the R software package 
called “poLCA”, probabilities of latent classes for polytomous outcome variables were determined 
(Linzer & Lewis, 2011). In order to measure the appropriateness of a model’s fit respective to an 
estimate number of classes, so called information criteria (ICs) are used. More particularly, BIC 
(Bayesian information criterion) and AIC (Akaike information criterion). A model is preferred that 
minimizes BIC and/ or AIC values (Linzer & Lewis, 2011; Moosbrugger & Kelava, 2012). However, BIC is 
a better predictor for the number of latent classes then the AIC (Nylund, Asparouhov, & Muthén, 
2007). Consequently BIC is used as major indicator of classes for this research, too. After identifying 
the correct number of classes, the assignment of participants to the latent classes starts. Therefore a 
person’s conditional probabilities for assigning her or his observed item scores are calculated. This 
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needs to be conducted for each class and the whole sample. Maximum probability for an assignment 
to a class, consequently, reveals the participants’ belonging. In doing so, along with the conditional 
probabilities for all item-scoring combinations and each student, overall latent class probabilities are 
also needed. For further information concerning the probability calculation see McCutcheon (1987). 
In order to investigate the allocation’s accuracy, the so called hit rate was calculated (Moosbrugger & 
Kelava, 2012). It expresses the sample’s proportion of correctly allocated participants. Consequently it 
ranges from 0 to 1, whereas values close to 1 are preferred. A second way to investigate model 
accuracy is to determine Goodman and Kruskal’s Lambda (Clogg, 1979). The Lambda values are also 
between 0 and 1. In case of a Lambda value of 0, the allocation of an individual to the largest class does 
not exclude the belonging to other classes. In contrast to that a Lambda value of 1 means that a 
participant belonging to the largest latent class completely predicts his not belonging to the other 
classes (Goodman & Kruskal, 1959). Preferred Lambda values, in this respect tend to approach 1. 
Formulas for both parameters can be found in Kroopnick et al. (2010). 
9.8 Non-parametric statistics alternatives 
In many cases data violate the assumption of a normal distribution like it is required for parametric 
statistical techniques. However, taking into account, that the normal distribution is a “very broad 
criterion” (Howitt & Cramer, 2006, p.168), as well as previously mentioned conditions that allow a 
violation, it is often possible to still apply parametric tests. Therefore Bortz and Döring (2006) 
recommend in case of a violation of the normal distribution, to either use more than 30 samples or to 
conduct non-parametric statistics. The latter provides procedures which can handle data that is not 
based on the normal distribution or that does not fulfill previously stated criteria. Such non-parametric 
tests are also called distribution-free tests as they are less restrictive in regard of distributional effects 
(Field et al., 2012). According to the statistical theory, most of the non-parametric tests are based on 
ranking procedures. In doing so, the data set is ranked according to each score of the sample (Field et 
al., 2012; Howitt & Cramer, 2006). However, the ranking leads to a loss of information, as the 
difference between the scores is not taken into account. Thus, in comparison to its parametric 
counterpart, a non-parametric test is more likely to not find an effect that in fact exists (Field et al., 
2012). Howitt and Cramer (2006) sum up: “variety and flexibility of these non-parametric statistical 
techniques are nowhere as great as for parametric statistics. For this reason it is generally best to err 
towards using parametric statistics in our opinion” (p.169). Therefore, as they furthermore mention, 
in current research, increasingly less non-parametric tests are applied. Non-parametric tests 
conducted in this test were: the Wilcoxon matched pairs test as an equivalent to the matched samples 
t-test, the Mann-Whitney or U-test for the unrelated t-test and for the analysis of variances the 
Friedman's test in case of repeated measures as well as the Kruskal-Wallis test for the independent 
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ANOVA. A comparison between the parametric tests and their non-parametric counterparts is shown 
in Table 9-2. Despite the fact that to many researchers a violation of the assumption of normal 
distribution is not too serious as it has rarely influence on the results (Bortz & Döring, 2006; Bortz, 
2005; Howitt & Cramer, 2006; Kerlinger & Howard, 2000; Rudolf & Müller, 2012), within this study 
both parametric and non-parametric tests were applied.  
Parametric test Related non-parametric test 
dependent t-test (matched samples t-test) Wilcoxon matched pairs test 
independent t-test (unrelated t-test) Mann-Whitney or U-test 
ANOVA with repeated measures Friedman's test 
independent ANOVA Kruskal-Wallis test 
Table 9-2. Comparison between parametric tests and their non-parametric equivalents (Field et al., 2012). 
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IV. ANALYSIS & RESULTS 
In this chapter, the research data is analyzed. Therefore results shall be provided based on the above 
presented research questions and hypotheses. More particularly, evidence shall be presented that 
reveals the impact of an online portal for preparation and post enhancement on the issues of out-of-
school laboratory activities. The relevant aspects are influences on students’ situational interest, their 
self-concept, their interests in science, experimentation or a career in physics and their perception of 
the out-of-school laboratory environment. In doing so, students participating in the out-of-school 
laboratory activity were assessed at three stages. First, in order to detect differences appearing from 
the online portal’s preparation, as well as to determine students’ initial situation regarding the out-of-
school activity, a pre-test is conducted which takes place right at the beginning of the activity. Right 
after the event, the post-test assesses the laboratory activity’s outcome. Third, and last, the follow-up 
investigates influences of the online portal’s post enhancement together with the retention of the out-
of-school laboratory’s effects. In order to characterize the online portal’s impact, the study is 
conducted as a control treatment empirical research. Students who used the online portal to pre and 
post work on their activity at the out-of-school laboratory are assigned to the treatment group. In 
contrast, students who didn’t receive this special tool are considered as control groups.  
The presentation of the results is grouped into separate sections in accordance with the mentioned 
issues or hypotheses (see sections 6.2 and 6.3.1). Along with that, each of the issue-related sections is 
further distinguished into subsections, starting with an overall comparison of control and treatment 
groups without consideration for subgroups. After that, the particular impact of the post enhancement 
is presented. Following these two subsections, the subgroups are taken into account, namely students’ 
gender as well as their grade (see section 8.1). Finally, a brief summary on the issue’s results are given.  
The statistical analyses conducted are based upon both parametric and nonparametric tests. This is 
due to two reasons. First, all scales of that survey violated the assumption of normal distribution, as it 
is required in order to apply parametric statistics. Second, in regards to the characteristics of this study 
the violation of the normal distribution can be neglected and consequently the parametric tests can 
be conducted (see section 8.1). In few cases of subgroup analyses critical sample sizes of 30 
participants has not been ensured. In consequence non-parametric statistics were applied.  
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Bar and line charts shown in this part contain error bars using the standard error, and confirmed 
significant differences were added by using star symbols. In this respect, one star represents the lowest 
significance of a respective probability below 0,05, two stars stands for a probability below 0,01 and 
three stars characterizes a probability less than 0,001. 
10. Determination of the student groups 
When applying the statistical analyses for that survey, it was necessary to take into account the 
different sample sizes. Whereas 855 respondents participated in the pre and post-test, their number 
shrinks to 374 participants that took part in the final survey. Table 10-1 presents the frequency 
distributions of the control and treatment group against their participation in the survey. 
Consequently, in order to use the maximum number of data, the sample size differs according to 
applied comparison. Thus, it is necessary to characterize samples of comparisons between assessment 
stages on the one hand and those within assessment stages on the other hand. 
 pre-test post-test follow-up 
Group Control Group 285 285 144 
Treatment Group 570 570 230 
Total 855 855 374 
Table 10-1. Contingency table displaying the frequency distribution of control or treatment group members against their 
survey participation. 
10.1 Population for longitudinal assessments 
Due to the design of this research study, the applied comparisons between the assessment stages 
(longitudinal assessments) always include the follow-up results. In other words, those statistical tests 
over time are based just on respondents who participated in all the three assessment stages namely 
pre-test, post-test and follow-up. Table 10-1 presents their number for these stages of the assessment 
and according to their membership to the control or the treatment group. Consequently, the 
longitudinal analysis contained in total 374 participants, whereas 144 of them belonged to the control 
group and 230 to the treatment group. 
10.2 Population for cross-sectional analyses 
Applied comparisons within the assessment stages (cross-sectional analyses) used the maximum 
number of respondents for that stage. This means, under consideration of the presented distribution 
of the participants, see Table 10-1, that members of the pre and post-test are more than those of the 
follow-up. In particular, a total number of 855 students who were involved in the pre and post-test 
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assessment including 285 control group members and 570 treatment group members. In the case of 
the follow-up assessment, 374 students participated in total, accordingly 144 control group members 
and 230 members of the treatment group. 
10.3 Population for online portal post enhanced share of the treatment group  
In contrast to the treatment group’s obligatory preparation work, the online portal’s post 
enhancement was a free offer. Thus, treatment group, unless otherwise indicated, always contains 
students that performed the online portal’s post enhancement as well as students who didn’t. It is 
important to consider the post enhancement’s implementation in practice. Some of the teachers 
demanded their students to participate some others didn’t. As a result, in the follow-up assessment 
about 40% of the queried treatment group students stated that they looked up the post enhancement. 
In light of that, a population was formed referring just to those treatment group students who really 
performed the post enhancement via the online portal. In order to prevent biases due to a likely higher 
number of motivated or engaged students that voluntarily participated in the post enhancement, a t-
test was conducted for each scale that was assessed. Consequently, such a t-test needs to assess the 
scale affinity of the overall treatment group students who attended all three stages of the survey and 
their belonging share of students who performed the post enhancement. In the case of significant 
differences between the two groups, a harmonization of the sample’s means for the pre respectively 
post-test was conducted. According to it, for the sample with higher scale means, respondents were 
classified into a group of high values achievers, which covers roughly 25% of that sample. Within this 
group each third case was randomly removed. Afterwards, another t-test was performed in order to 
verify the two groups’ similarity. As a result the adjusted group was later on used in order to apply 
longitudinal as well as cross-sectional assessments on the online portal’s post enhancements effect.  
10.4 Subgroup regarding students’ gender 
Numerous educational research studies in the last decades provided evidence for significant gender 
differences in the field of science and prominently in the subject of physics but also in chemistry (see 
e.g. section 4.1.6). In that sense, it was found that girls are less interested in the two mentioned 
subjects than boys, and that female students tend to have a remarkably lower self-concept. In order 
to prevent biases and to correctly assess the online portal’s preparation or post enhancement’s impact 
on likely appearing gender aspects, further analyses based on students’ gender were conducted. More 
particularly, presented research results shall provide insight into two things. First, occurring gender 
differences within treatment or control groups in order to compare gender gaps and to find evidence 
for possible impacts on it. Second, differences between female or male treatment group students and 
their control group’s counterparts in order to verify the effect of the embedded out-of-school 
laboratory. 
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10.5 Subgroup regarding students’ level 
Respondents of this research attended grades 10 to 12 and in some cases 13. According to the regional 
school system those levels can be divided into a lower and upper secondary level. In that sense grade 
10 belongs to the lower secondary level and grades 11 and 12 to the upper secondary level. Grade 13 
also belongs to the latter level. This grade is just implemented in so called professional high schools 
and is similar to 12th grade at ordinary high schools. The separation into the two levels is founded on 
three considerations. First, according to the educational system students of the lower secondary level 
are provided with the full range of school subjects. In the subsequent upper secondary level, students 
do more specialize for different fields and school subjects. Second, educational research revealed a 
continuous trend of decreasing interest regarding science during students’ school days (see section 
4.1.6). Third, students’ competences are grade-dependent. Therefore students’ levels are regarded as 
influential since psychological studies on interest, but also self-concept theory, stressed the impact of 
stored knowledge as well as students’ perception of competence (see sections 4.1 and 4.2). In order 
to take those impacts into account and to assess very likely interactions with the implemented online 
portal, additional research on students’ different levels were proceeded. According to it differences 
for the two levels shall be assessed within the group of treatment or control group students on the 
one hand. But also comparisons between treatment group’s participants of lower and upper secondary 
levels, and their control group’s counterparts. In that light, findings shall be presented for, firstly the 
implemented online portal’s impact in case of an occurring gap between the levels and secondly the 
effect of the online portal on each level’ students. 
10.6 Identification of classes of students based on their areas of interest 
The out-of-school laboratory’s main objective is to strengthen students’ interest in science and, 
besides, expand their knowledge related to topics they learn in their respective schools in a more 
formal setting. By identifying different types of students based on their areas of interest, evidence can 
be found on how the online portal addresses the different groups of students. A previous study by 
Pawek (2009) reported significant differences between students classified on their interest areas in 
regard of their situational interest as well as self-concept and perception of the out-of-school 
laboratory. In light of that and to better understand the effect of the online portal, it is of great 
importance to show how the online portal affects the different types. Therefore, for the pre-test, 
students’ dispositional interest was queried regarding context based fields of interest and school 
related interest in subjects. Table 10-2 displays all 16 items which characterize those dispositional 
interest traits.  
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fields of interest Mathematics and sciences 
 Social policy 
 Music and Arts 
 Philosophy 
 Handcrafting 
 Languages 
 Sociology 
 Engineering / Mechanics 
interest in subjects German 
 Chemistry 
 English 
 Biology 
 History 
 Physics 
 Mathematics 
 Computer science 
Table 10-2. Assessed fields and subjects regarding students’ interest. 
10.6.1 Implementation of the latent class analysis 
In order to identify different classes of students a latent class analysis (LCA) was conducted. Further 
information about the statistical modelling via LCA is provided in section 9.7. For implementing, the 
LCA R was used – a programming language for statistical computing. Via the so called “poLCA” function, 
AIC and BIC the two information criteria were determined for models with 2 to 16 classes. 
Corresponding results can be found in Table 10-3. 
A useful tool in order to determine the number of latent classes is to graphically display the AIC and 
BIC values as shown in Figure 10-1. As presented in section 9.7, it is generally recommended to choose 
the model which minimizes AIC and/ or BIC values (Linzer & Lewis, 2011; Moosbrugger & Kelava, 2012). 
However BIC is considered as a more reliable predictor (Nylund et al., 2007). It was found that AIC 
declines only for models with numerous classes, and BIC shows lowest values for a three class model. 
Taking previous theoretical considerations into account, the latter model was taken for this research. 
In order to verify whether students were correctly and precisely allocated to the three classes, two 
parameters were determined, namely hit rate and Goodman and Kruskal’s Lambda (see section 9.7). 
As a result, the hit rate is 0,93 for the used model containing three latent classes and Lambda is 0,89. 
Both values illustrate the goodness of the chosen model including the class allocation.  
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Classes AIC BIC 
2 38489,87 39098,93 
3 37925,08 38841,04 
4 37814,44 39037,29 
5 37624,09 39153,83 
6 37504,69 39341,32 
7 37444,96 39588,49 
8 37387,70 39838,12 
9 37430,30 40187,61 
10 37355,75 40419,96 
11 37320,92 40692,02 
12 37399,64 41077,63 
13 37445,99 41430,88 
14 37356,49 41648,27 
15 37357,49 41956,16 
16 37450,92 42356,48 
Table 10-3. AIC and BIC information criteria for latent class analyses from 2 to 16 classes. 
 
10.6.2 Analysis of the three classes 
Following the LCA model for three classes, the proportion of students in each class is roughly equally 
distributed. A closer look reveals that class 3 contains most participants after that of class 2, for both 
cases a bit more than one out of three students, while class one is the smallest class containing three 
out of ten participants. When comparing the class proportions in regard of students’ gender it is very 
obvious that class 3 is almost equally distributed whereas there is a high disparity for classes 1 and 2 
Figure 10-1. AIC and BIC represented graphically for classes 2 - 16. 
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between the two genders. This was confirmed by a chi-squared test (χ²(2)=163,56, p<0,001). Similar 
findings were also revealed regarding students’ affiliation to either upper or lower secondary school 
level but with less intensity. Again the chi-squared test showed significant differences between the 
distribution of classes for lower and upper secondary level students (χ²(2)=10,28, p<0,01). Like it 
appeared for the gender analysis, class 3 contains a more or less equal proportion of students for both 
subgroups. All distributions of the three classes also regarding subgroups are displayed in Table 10-4.  
  Class 1 Class 2 Class 3 
total  260 30,4% 295 34,5% 300 35,1% 
gender female  180 52,3% 47 13,7% 117 34,0% 
 male 80 15,7% 248 48,5% 183 35,8% 
level lower secondary level 133 35,5% 111 29,6% 131 34,9% 
 upper secondary level 127 26,5% 184 38,3% 169 35,2% 
Table 10-4. Overview of descriptives regarding all three student classes, including total and subgroup distributions. 
Since the LCA was based on items characterizing students’ fields of interest and their interest in school 
subjects, associated overall class means were calculated, too. They are displayed in Figure 10-2 and 
Figure 10-3. According to them, concerning the fields of interest, class 1 and class 2 show rather 
opposite results. In other words, each maximum value for the one class means a minimum for the 
other. Class 3 for all item means ranges between the two extremes. Almost similar tendencies for all 
three classes were found concerning students’ interest in a subject. More particularly, participants of 
class 1 are more attracted to culture, philosophy, languages and sociology. This is reflected by school 
subject preferences, too. Accordingly, class 1 students mostly like German, which is their mother 
tongue and also includes literature, English – as their major foreign language – as well as history. On 
the other hand, students belonging to class 2 like mathematics and science, as well as practical, 
technical things such as handcrafting and engineering. A conducted ANOVA for all 16 items revealed 
significant differences regarding all but one item. Only students’ interest regarding the subject of 
biology does not differ significantly between the groups. All ANOVA results are presented in Table 10-5 
and Table 10-6. 
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Note. Connecting line is just added to enhance visibility of the figure. 
Figure 10-2. Item means for each class related to students' fields of interest, calculated for each 
class. 
Note. Connecting line is just added to enhance visibility of the figure. 
Figure 10-3. Item means for each class related to students' interest in school subjects, calculated 
for each class.  
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Item ANOVA outcome 
Mathematics and sciences F(852, 2)=456,45, p<0,001 
Social policy F(848, 2)=5,85, p<0,01 
Music and Arts F(851, 2)=91,39, p<0,001 
Philosophy F(850, 2)=38,35, p<0,001 
Handcrafting F(852, 2)=47,80, p<0,001 
Languages F(851, 2)=94,81, p<0,001 
Sociology F(852, 2)=98,10, p<0,001 
Engineering / Mechanics F(852, 2)=366,98, p<0,001 
Table 10-5. ANOVA results revealing significant differences between the three classes regarding all items characterizing 
students' fields of interest. 
Item ANOVA outcome 
German F(851, 2)=197,78,  p<0,001 
Chemistry F(849, 2)=69,54,  p<0,001 
English F(852, 2)=60,16,  p<0,001 
Biology F(848, 2)=0,68,  n.s. 
History F(851, 2)=21,53,  p<0,001 
Physics F(850, 2)=378,64,  p<0,001 
Mathematics F(850, 2)=285,91,  p<0,001 
Computer science F(846, 2)=148,78,  p<0,001 
Table 10-6. ANOVA results revealing significant differences between the three classes regarding all items characterizing 
students' interest in school subjects. 
Based on additional t-tests between the three classes, most significant differences appear between 
class 1 and class 2, less significant between class 1 and class 3 and least significant between class 2 and 
class 3 (see Table 10-7 and Table 10-8). In order to prevent cumulative errors due to the pairwise 
comparison, a Bonferroni correction was applied. Major differences with large effect sizes between all 
three classes occurred regarding individuals’ interest in mathematics and science, as well as interest in 
engineering and mechanics. Consequently, students’ interest in school subjects revealed strongest 
differences between the classes for physics and mathematics, but also for German.  
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Item class 1 & class 2 class 1 & class 3 class 2 & class 3 
Mathematics and 
sciences 
t(439,59)=-27,76,  
p<0,001, r=0,80 
t(457,46)=-11,8,  
p<0,001, r=0,48 
t(593)=20,49,  
p<0,001, r=0,64 
Social policy t(549)=2,98,  
p<0,05, r=0,13 
t(498,8)=2,87,  
p<0,05, r=0,13 
t(561,16)=-0,43,  
n.s. 
Music and Arts t(552)=13,05,  
p<0,001, r=0,49 
t(558)=6,58,  
p<0,001, r=0,27 
t(581,99)=-7,42,  
p<0,001, r=0,29 
Philosophy t(552,5)=8,  
p<0,001, r=0,32 
t(490,64)=6,18,  
p<0,001, r=0,27 
t(532,66)=-3,02,  
p<0,01, r=0,13 
Handcrafting t(553)=-8,83,  
p<0,001, r=0,35 
t(517,36)=-7,94,  
p<0,001, r=0,33 
t(551,23)=2,  
n.s. 
Languages t(552)=12,32,  
p<0,001, r=0,46 
t(489,64)=10,54,  
p<0,001, r=0,43 
t(556,54)=-3,22,  
p<0,01, r=0,14 
Sociology t(527,08)=12,89,  
p<0,001, r=0,49 
t(468,83)=7,76,  
p<0,001, r=0,34 
t(564,12)=-6,9,  
p<0,001, r=0,28 
Engineering / 
Mechanics 
t(553)=-26,43,  
p<0,001, r=0,75 
t(558)=-14,91,  
p<0,001, r=0,53 
t(593)=12,98,  
p<0,001, r=0,47 
Table 10-7. t-test results between all three classes regarding students' fields of interest, Bonferroni correction was applied. 
Item class 1 & class 2 class 1 & class 3 class 2 & class 3 
German t(552)=18,01,  
p<0,001, r=0,61 
t(437,41)=11,04,  
p<0,001, r=0,47 
t(538,78)=-9,99,  
p<0,001, r=0,40 
Chemistry t(530,8)=-11,04,  
p<0,001, r=0,43 
t(488,98)=-6,19,  
p<0,001, r=0,27 
t(573,67)=6,1,  
p<0,001, r=0,25 
English t(552,77)=8,91,  
p<0,001, r=0,35 
t(504,86)=10,32,  
p<0,001, r=0,42 
t(543,96)=0,12,  
n.s. 
Biology t(551)=0,14,  
n.s. 
t(470,58)=-0,93,  
n.s. 
t(542,54)=-1,14,  
n.s. 
History t(531,69)=6,06,  
p<0,001, r=0,25 
t(480,93)=4,02,  
p<0,001, r=0,18 
t(567,93)=-2,76,  
p<0,05, r=0,11 
Physics t(464,46)=-25,7,  
p<0,001, r=0,77 
t(470,95)=-13,  
p<0,001, r=0,51 
t(592)=15,73,  
p<0,001, r=0,54 
Mathematics t(448,93)=-21,72,  
p<0,001, r=0,72 
t(437,44)=-11,6,  
p<0,001, r=0,49 
t(592)=13,66,  
p<0,001, r=0,49 
Computer science t(518,49)=-16,44,  
p<0,001, r=0,59 
t(505,43)=-7,75,  
p<0,001, r=0,33 
t(588)=10,12,  
p<0,001, r=0,39 
Table 10-8. t-test results between all three classes for all items belonging to students' interest in school subjects, a 
Bonferroni correction was applied. 
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10.6.3 Characterization of the three classes 
On the basis of the results presented in the previous section, a characterization of the three classes 
was done. In doing so, distinctive features of the single classes are presented. 
Class 1 - A class that consists of students who are more interested in the humanities than in sciences 
Even though just 3 out of 10 students belong to that group, it contains 50% of all females of the sample. 
Consequently, it is a female predominated class. Students of this class are overly interested in artistic, 
social and language fields. More precisely they show higher interest in social policy and sociology, 
language and philosophy, as well as music and arts. On the other hand, members of that class are just 
slightly interested when it comes to science and mathematics as well as engineering or handcrafting. 
Also their interest in school subjects supports those general tendencies. Whereas language subjects 
such as German and English, as well as history are very much liked, whereas it is the opposite for 
physics and mathematics, but also with minor intensity for computer science and chemistry. In 
summary, it can be stated that class are more strongly interested in humanities than in science. 
Class 2 - A class that groups students who are more interested in sciences than humanities 
In contrast to class 1, class 2 is dominated by male students and precisely the reverse gender 
population, with half of all males belong to that class. Individuals of that class can be characterized as 
highly interested in mathematics and science as well as engineering. However interest is significantly 
lower than for all other groups concerning music, arts, philosophy, as well as languages and sociology. 
Favorite subjects of this class’ students, again reveal their science affinity. Thus significantly higher 
interest was shown for physics, mathematics, chemistry, and computer science. In contrast, they 
showed rather small interest concerning English, history, and especially German. Thus, it can be 
assumed that subtends in this class are highly science oriented and present less interest when it comes 
to humanistic oriented fields of study.  
Class 3 - A class which contains students with average interests in all areas 
This class is the only one that presented no gender bias. Roughly speaking about one third of the total 
sample belongs to that group with balanced proportions of females and males. No matter whether it 
is students’ fields of interest or their interest in school subjects a general trend was found. According 
to it students of that class, 16 out of 18 items range exactly between the means of class 1 and 2. The 
only exception is the class members’ interest in English, which is about the same as for students of 
class 2, and interest in biology, which is not significantly different to the means of the other classes. 
Based on the determined effect sizes, it can be stated that item means of class 2 very slightly tended 
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to the means of class 2 more than class 1. Overall, the analysis shows that individuals of that class show 
a balanced interest for both interest fields and school subjects. 
 Class 1 Class 2 Class 3 
Chi-square test 
results 
χ²(1)=3,46, n.s χ²(1)=2,37, n.s χ²(1)=0,48, n.s 
Table 10-9. Results of the chi-square tests for all three classes, assessing different gender distributions according to 
students belonging to upper and lower secondary level. 
In the previous characterizations of the three classes, distributions regarding students belonging to 
lower or upper secondary level were not mentioned. Whereas class 3 shows the same proportions for 
both levels, this was not the case for classes 1 and 2 (see frequency distributions in Table 10-4, section 
10.6.1). According to that it could be assumed that over time students become more interested in 
science than in humanities. However it is more likely traced back to processes of specialization at 
schools. Consequently, an advanced upper secondary level course in humanities visits a theatre rather 
than a laboratory, which is located in a research center. The opposite applies for advanced courses in 
science. In order to prove that whether solely the amount of class 1 and 2 students changed, or even 
their composition, chi-square tests for all three classes that were conducted. Test results shall provide 
evidence whether significant differences exist regarding the gender distribution for lower and upper 
secondary levels. As it turned out, gender distributions within a class are not dependent upon students 
belonging to lower or upper secondary level (see Table 10-9). In other words, the previous assumption 
is supported: the gender distributions for both levels seem similar and no evidence was found that the 
classes’ composition by gender changes over time.  Despite that, it is assumed that at least minor 
gender differences exist regarding the development of interest in school subjects. This was, for 
example, indicated for students of the lower secondary level by a study conducted by Hoffmann et al. 
(1998). 
10.6.4 Comparison with other disposition based classifications 
A widely used classification system for individuals, which is premised on their dispositional interest, is 
the model developed by Holland (1997). His approach, also known as the RIASEC model, uses a 
separation into six types: realistic, investigative, artistic, social, enterprising, and conventional 
(altogether abbreviated RIASEC).  In this respect each orientation contains attitudes, beliefs, concepts 
and interests (Holland). Nevertheless Krapp and Prenzel (2011), stress in regards to Holland’s model: 
“It can be expected that an ‘investigative’ or ‘realistic’ personality type tends to be more interested in 
science than a ‘social’ or ‘artistic’ type; however, the categories of this typology do not allow students’ 
interests to be differentiated in an educationally meaningful way.” (p. 32). For  the purpose of 
educational research, a recent study by Dierks, Höffler, and Parchmann (2014) proposed an 
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adjustment of the RIASEC model. A different approach in order to classify students’ dispositional 
interest was chosen for the latest empirical investigations in the field of out-of-school laboratories. 
Pawek (2009) therefore grouped his sample via personal interest traits such as interest fields, students’ 
self-concept, as well as interest in topics and contents. Based on a latent class analysis he identified 
three classes of students. Along with the fact that Pawek also determined the same number of classes, 
there are further similarities with this research study. Obviously classes of both studies correspond to 
great extend regarding the interest features and their gender distribution (see Table 10-10). In this 
respect Pawek also found a more scientific class, which is dominated by male students and which is 
less interested in humanity-related subjects. This class corresponds to class 2 of this study. In contrast 
to that, class 3 is mostly assigned to girls and shows least interest in the science related fields on the 
one hand and more interest to humanity-related fields. This is in great coherence to class 1 of this 
research. Even Pawek’s class 1 and class 3 correspond to one another, since they are in the same way 
equally distributed by gender and both show moderate interest regarding science and mathematics.  
Class Gender distribution  Fields of interest 
Class 1 balanced more interested in: social issues, arts and music, social policy, 
philosophy, biology;  
moderately interested in: maths and science, engineering 
Class 2 more males more interested in: maths and science, engineering; 
less interest in: languages, social issues, arts and music 
Class 3 more females more interested in: languages; 
moderately interested in: social issues, arts and music; 
less interest in: handcraft, maths and science, engineering 
Table 10-10. Characterization of the latent classes by Pawek (2009). 
Weßnig (2013) in her study performed two latent class analyses in order to classify students. In doing 
so, LCA was based on students’ interest in professional fields on the one hand and regarding Hollands 
RIASEC model. Since the latter model was already assessed at the beginning of this section, the focus 
is put on Weßnig’s LCA using items of students’ interest in professional fields. The used items are quite 
similar to the one forming this study’s fields of interest which were also used for the LCA of this 
research. According to the results of Weßnig’s LCA, she determined three latent classes. Even though 
there was a huge similarity in the items taken for the LCA, differences occurred regarding the 
characterization of the classes. Taking into account characteristics concerning the groups’ interest in 
professional fields and the distribution by gender, major accordance was found for her most and least 
science and maths interested classes, namely class 3 and 2 (see Table 10-11). However, this did not 
apply for Weßnig’s class 1 which probably can be traced back to two specific items assessing students’ 
interest in economy and the medical field.  
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Class Gender distribution  Professional field interest 
Class 1 far more females more interested in: arts and music, social issues, medical field;  
less interested in: economy, engineering, social policy 
Class 2 more females more interested in: economy, arts and music, social policy, languages, 
social issues; 
less interest in: maths and science, medical field, handcrafting 
Class 3 more males more interested in: maths and science, engineering, handcrafting; 
less interest in: arts and music, languages, social issues, medical field 
Table 10-11. Characterization of the latent classes by Weßnig (2013). 
Along with the two studies, which are explicitly dealing with out-of-school laboratories, it is important 
to mention a follow-up study of a very large study by the end of the 90’s. The so called IPN interest 
study revealed deep insight into students’ interest in physics. The mentioned follow-up study provides 
a very significant classification of students based on their interest in physics. It is therefore subdivided 
into different facets of physics related interest, such as calculating, learning, experimenting, functions, 
phenomena, controversies, and common benefit (Häussler, Hoffman, Langeheine, Rost, & Sievers, 
1998; Häussler, Hoffmann, Langeheine, Rost, & Sievers, 1996). In order to identify the right number of 
classes they used the so called mixed-Rasch model. It can be considered an extended LCA, as they 
state. According to it three different classes were analysed. In the study of Häussler et al., they describe 
each class by the extent of their interest in school subjects. It turned out that their characterization is 
very much in accordance to the results of this research. This was furthermore supported by the pattern 
of the groups’ gender ratio which match for both studies. Accordingly, class 1 of the study by Häussler 
et al. is consistent with class 2 of this research since it also contains mainly male students who are 
more interested in science related subjects than in languages or arts. The same applies for class 2 which 
is characterized by moderate interests in regard of all subjects, mainly between the two other groups. 
This is exactly the case for this study’s class 3. Even the 3rd class corresponds with this research’s 
classification as it is particularly female dominated and shows higher interest in languages and arts, 
little interest in science related subjects. All three classes are presented in Table 10-12. 
Class Gender distribution  Interest in school subjects 
Class 1 more males more interested in: physics, mathematics, chemistry, technology;  
less interested in: German, art, foreign languages 
Class 2 balanced  moderate interest levels for all subjects, in all cases ranging between 
class 1 and 3 
Class 3 more females more interested in: German, art, foreign languages; 
less interest in: physics, chemistry, mathematics, technology 
Table 10-12. Characterization of the latent classes by Häussler et al. (1998). 
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On the whole, it became obvious that this study’s classification has been clearly confirmed. In regard 
of students’ dispositional interest areas, it seems as if a grouping into three classes of students is 
reliable. Especially great coherence regarding the studies of Pawek (2009) and Häussler et al. (1998) 
supports the classification via fields of interest on the one hand and interest in school subjects on the 
other hand. 
11. Verification of the hypothesis 
11.1 Results regarding hypothesis 1 – situational interest  
Results of this section are based on data from post-test and follow-up. Thereby situational interest was 
distinguished in its three components, namely a feeling-related component, a value-related one and 
an intrinsic one (see section 4.1.2). In regards to the situational interest and in accordance to the first 
research question (see section 6.2), it shall be examined, whether the online portal influences the 
situational interest generated by the out-of-school laboratory activity. Based on the theoretical 
considerations, it is likely that the online portal affects the situational interest outcome positively and 
supports its retention. In a first step, analyses within the post-test stage are presented. Subsequently, 
results are shown that reveal the emerged situational interest’ course over time between post-test to 
follow-up. Finally, cross-sectional analyses of the follow-up stage were carried out which additionally 
consider the impact of students’ post enhancement work.  
11.1.1 Overall comparison of control and treatment group 
   
A first impression of the occurring interest as it is caused by the out-of-school laboratory’s activity is 
provided by frequency distributions on the three components of situational interest. Accordingly, the 
proportions of students who had positive perceptions is displayed. Thereby for all components, 
Figure 11-1. Post-test scale means of all three situational 
interest components for control and treatment group. 
Figure 11-2. Follow-up scale means of all three situational 
interest components for control and treatment group. 
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students of the treatment group responded more positively. More particularly, the comparison of the 
treatment group with the control group shows: 88% instead of 63% stated positively regarding the 
feeling-related component, 83% instead of 71% for the value-related component and 43% instead of 
31% for the intrinsic component.  
   
This is further highlighted by post-test results shown in Figure 11-1. Based on that, by the end of the 
out-of-school laboratory’s activity, the achieved level of situational interest is significantly higher for 
all students that performed the online portal. A common trend was found for all three scales. Among 
the situational interest components the strongest difference was experienced regarding the feeling-
related component with a higher medium effect size (t(488)=-8,718, p<0,001, r=0,37). In regards to the 
two other components, treatment group students scored significantly higher with smaller effect sizes 
(intrinsic component: t(509)=-4,060, p<0,001, r=0,18, value-related component: t(497)=-3,351, 
p<0,01, r=0,15). Those significant differences seem to disappear over time. Follow-up t-test results 
reveal the situational interest values of both groups approximately meet at the final stage of data 
collection (see Figure 11-2). Based on findings of the ANOVA, an interaction of the development over 
time between the three interest components and the two groups could not be verified (feeling-related 
component: F(1;359)=3,62, n.s., value-related component: F(1;359)=2,05, n.s., epistemic component: 
F(1;359)=0,18, n.s.). Thus, the components’ course over time does not differ significantly between both 
groups. However, even though there are no significant changes in the situational interest development 
for the control group (see Figure 11-3), they have been observed within the treatment group (see 
Figure 11-4). Above all, a decrease with a medium effect size was found for the situational interest’s 
feeling-related component (t(226)=5,19, p<0,001, r=0,33). In addition, a decline with a small effect size 
was monitored for the value-related component as well (t(225)=2,29, p<0,05, r=0,15). Just the intrinsic 
component remained unchanged (t(225)=1,96, n.s.).   
Figure 11-3. Control groups' course over time for means of 
the three situational interest components. 
Figure 11-4. Treatment groups' course over time for means 
of the three situational interest components. 
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11.1.2 Post enhancement impact 
As mentioned before (see 10.3), the online portal’s preparation was an obligation to all treatment 
students. However, the online portal’s post enhancement was voluntarily. Therefore, in order to 
prevent biases, overall treatment group population and their share that performed the post 
enhancement were compared. As a result no differences appeared (feeling-related component 
t(319)=-1,70, n.s.; value-related component t(319)=-1,148, n.s., intrinsic component t(319)=-1,12, 
n.s.). Consequently the post enhanced share is considered as being representative for the whole 
treatment group. 
The development over time from the post-test to the follow-up was furthermore assessed for 
treatment group participants who attended the online portal’s post enhancement. Their overall 
tendency for all three situational interest components was similar to the one related to the overall 
treatment group. As a result, both feeling-related and value-related components decreased (feeling-
related component: t(92)=3,59, p<0,01, r=0,35,  value-related component (t(92)=2,61, p<0,05, r=0,26), 
whereas the intrinsic component remained (t(92)=0,84, n.s., see Figure 11-5). Furthermore similar, 
values of the control group and the share of post enhanced students within the treatment group seem 
to assimilate. Consequently no significant differences between both groups have been observed 
(feeling-related component: t(255)=-1,81, n.s., value-related component: t(255)=-0,90, n.s., intrinsic 
component: t(255)=-1,82, n.s., see Figure 11-6). 
     
Figure 11-5. Treatment group’s post enhanced share, 
course over time for means of the three situational 
interest components. 
Figure 11-6. Follow-up scale means of all three situational interest 
components for control and treatment group members who 
performed the online portal’s post enhancement. 
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11.1.3 Gender impact 
   
    
Investigations on the gender impact has yielded for both control and treatment group similar 
tendencies. No gender differences appeared regarding the feeling-related and the value-related 
component of the situational interest. However, in both cases highly significant differences were 
observed for the intrinsic component and in both cases with small effect sizes (control group: 
t(245,3)=-3,55, p<0,001, r=0,22, treatment group t(565)=-4,25, p<0,001, r=0,18, see Figure 11-7 and 
Figure 11-8). Final cross-sectional analyses for the follow-up stage presents similar findings for 
treatment and control group’s intrinsic component (see Figure 11-9 and Figure 11-10). Again, for both 
groups major gender differences regarding the intrinsic component were found, and once more with 
small effect sizes (control group: t(133)=-2,50, p<0,05, r=0,21, treatment group: t(226)=-3,35, p<0,01, 
r=0,22). However, along with that, further gender differences appeared with smaller effect sizes for 
Figure 11-7. Post-test scale means of all three situational 
interest components for both genders of the control. 
 
Figure 11-8. Post-test scale means of all three situational 
interest components for both genders of the treatment 
group. 
Figure 11-9. Follow-up scale means of all three situational 
interest components for both genders of the control 
 
Figure 11-10. Follow-up scale means of all three situational 
interest components for both genders of the treatment 
group. 
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the treatment group’s two other situational interest components (feeling-related component: t(226), 
p<0,05, r=0,16, value-related component: t(226),p<0,05, r=0,14). 
Scale Survey Comparison Female students Male students 
Feeling-related 
component 
Post-test Control and 
treatment group 
t(340)=-5,5,  
p<0,001, r=0,29 
t(265,36)=-6,83, 
p<0,001, r=0,39 
Follow-up Control and 
treatment group 
t(129)=0,26, 
n.s. 
t(230)=-1,06,  
n.s. 
Value-related 
component 
Post-test Control and 
treatment group 
t(340)=-3,05,  
p<0,01, r=0,16 
t(276,79)=-1,86,  
n.s. 
Follow-up Control and 
treatment group 
t(129)=1,28,  
n.s. 
t(230)=-1,14, 
n.s. 
Intrinsic 
component 
Post-test Control and 
treatment group 
t(339)=-3,22, 
 p<0,01, r=0,17 
t(508)=-2,61,  
p<0,01, r=0,11 
Follow-up Control and 
treatment group 
t(129)=-0,16,  
n.s. 
t(230)=-0,27,  
n.s. 
Table 11-1. Tested differences between treatment and control group students regarding the three components of 
situational interest for both gender. 
Conducted post-test cross-sectional comparisons within female respective to male student 
populations detected that treatment participants score higher in regards to feeling-related 
component, with even medium effect size for both genders, and for the intrinsic component, with 
small effect sizes (see Table 11-1). In addition to that, females’ value-related component was 
significantly better for treatment group students, too. The corresponding effect size was small. Thus 
female treatment group students achieve higher levels of all situational interest components 
compared with their control group counter parts. In the case of male students, this applies to the 
feeling-related and intrinsic component. However, based on the follow-up results for both gender, 
differences between treatment and control group seem to disappear as no significant differences 
appear (Table 11-1). The applied ANOVA’s for all three interest components reveal that neither control 
group nor treatment group show an interaction between their interest development over time and 
students’ gender (see Table 11-2).  
 feeling-related 
component 
value-related 
component 
intrinsic component 
control group F(1; 133)=1,51, n.s. F(1; 133)=0,01, n.s. F(1; 133)=0,18, n.s. 
treatment group F(1; 224)=0,01, n.s. F(1; 224)=0,10, n.s. F(1; 224)=0,25, n.s. 
Table 11-2. ANOVA results on interaction between time and gender regarding all three components of situational interest. 
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A closer look reveals that within the control group no changes over time exist for both genders (see 
Figure 11-11 and Figure 11-12). In contrast, the feeling-related situational interest component of 
female treatment group members decreases with medium effect sizes (t(77)=3,17, p<0,01, r=0,34, see 
Figure 11-13), this also applies for the boys (t(147)=4,12, p<0,001, r=0,32). Moreover for the latter, the 
value-base component also declines with small effect sizes (t(147)=2,04, p<0,05, r=0,17, see Figure 
11-14).  
    
    
Figure 11-11. Control group’s female students’ course over 
time for means of the three situational interest components. 
Figure 11-12. Control group’s male students’ course over 
time for means of the three situational interest components. 
Figure 11-13. Treatment group’s female students’ course 
over time for means of the three situational interest 
components. 
Figure 11-14. Treatment group’s male students’ course over 
time for means of the three situational interest components. 
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11.1.4 Lower and upper secondary level impact 
   
The post-test results reveal that for treatment, as well as control group, the emerged interest from the 
out-of-school laboratory’s activity does not depend on students’ belonging to either the lower or the 
upper secondary level (see Figure 11-15 and Figure 11-16). The same applied to the conducted follow-
up t-tests. Here, lower and upper secondary students’ situational interest components within both, 
treatment and control groups don’t differ. Moreover independent t-tests for the post-test and the 
follow-up assessed differences between treatment group and control group students. It was found 
that treatment group’s lower, as well as upper secondary level students, in comparison to their control 
group counterparts, achieve significantly higher situational interest values for all three components 
(see Table 11-3). Detected effect sized range from small to medium. But again, those differences could 
not be confirmed for the follow-up survey. That means, after a period, lower and upper secondary 
students don’t differ significantly regarding their treatment or control group belonging. 
Moreover, under consideration of the ANOVA results, an interaction between situational interest 
development over time from post-test to follow-up and students’ belonging to the different levels does 
not exist (see Table 11-4). In other words, the tendency over time regarding the three situational 
interest components doesn’t differ significantly for students of different levels. This applies to both 
treatment and control group.  
  
Figure 11-15. Post-test scale means of all three situational 
interest components for both, lower and upper secondary 
students of the control group. 
Figure 11-16. Post-test scale means of all three situational 
interest components for both, lower and upper secondary 
students of the treatment group. 
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Scale Survey Comparison Lower secondary  
students 
Upper secondary 
students 
Feeling-related 
component 
Post-test Control and 
treatment group 
t(372)=-7,9,  
p<0,001, r=0,38 
t(240,65)=-5,  
p<0,001, r=0,31 
Follow-up Control and 
treatment group 
t(107)=-0,56,  
n.s. 
t(252)=-0,24,  
n.s. 
Value-related 
component 
Post-test Control and 
treatment group 
t(372)=-2,65,  
p<0,01, r=0,14 
t(241,17)=-2,23, 
p<0,05, r=0,14 
Follow-up Control and 
treatment group 
t(107)=-0,11,  
n.s. 
t(252)=0,07,  
n.s. 
Intrinsic 
component 
Post-test Control and 
treatment group 
t(371)=-2,78, 
p<0,01, r=0,14 
t(250,07)=-3,08, 
p<0,01, r=0,19 
Follow-up Control and 
treatment group 
t(107)=-0,08,  
n.s. 
t(252)=-0,51,  
n.s. 
Table 11-3. Tested differences between treatment and control group students regarding the three components of 
situational interest for lower and upper secondary level students. 
 Feeling-related 
component 
Value-related 
component 
Intrinsic component 
Control group F(1; 133)=0,32, n.s. F(1; 133)=2,58, n.s. F(1; 133)=0,28, n.s. 
Treatment group F(1; 224)=0,09, n.s. F(1; 224)=0,18, n.s. F(1; 224)=0,25, n.s. 
Table 11-4. ANOVA results on interaction between time and level regarding all three components of situational interest. 
When comparing the post-test and the follow-up situational interests’ means, findings are similar to 
the overall treatment and control group results (see section 11.1.1). This means, that while there is no 
decrease found for the two different levels of the control group (see Figure 11-17 and Figure 11-18), 
there are declines in the treatment group’s feeling-related component for both student levels (lower 
secondary level: t(49)=2,36, p<0,05, r=0,32, upper secondary level:. t(175)=4,63, p<0,01, r=0,33). In 
both cases values decrease with medium effect sizes (see Figure 11-19 and Figure 11-20).  
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Figure 11-17. Control group's lower secondary students' 
course over time for means of the three situational interest 
components. 
Figure 11-18. Control group's upper secondary students' 
course over time for means of the three situational interest 
components. 
Figure 11-19. Treatment group's lower secondary students' 
course over time for means of the three situational interest 
components. 
Figure 11-20. Treatment group's upper secondary students' 
course over time for means of the three situational interest 
components. 
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11.1.5 Interest class impact 
  
 
Treatment group results regarding the three situational interest components show rather high means 
for the feeling-related as well as the value-related component and, on the contrary, lower one for the 
intrinsic component. Highly scientific interested students of class 2 generally score highest (see Figure 
11-23 and Figure 11-24). The ANOVA reveals general differences between the three student classes’ 
means (see Table 11-5). For further analyses t-tests were conducted in order to reveal disparities 
between each of the classes for post-test (see Table 11-6). In particular, students of class 2 for all three 
components scored significantly higher than their counterparts belonging to class 1 or class 3. 
Occurring effect sizes were small to medium. Students of class 1 and 3 just showed minor differences. 
Only regarding the intrinsic component class 1 students scored significantly lower.  
Figure 11-21. Treatment group post test results for all three situational interest components 
distinguished for the three classes of students. 
Figure 11-22. Treatment group follow-up results for all three situational interest components 
distinguished for the three classes of students. 
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 Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
ANOVA results F(564, 2)=11,89,  p<0,001 F(564, 2)=14,47,  p<0,001 F(564, 2)=22,66,  p<0,001 
Table 11-5. Results of the post-test ANOVA for all three situational interest components, assessing differences between all 
three classes’ means. 
Comparison  Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
Class 1 – class 2 t(369)=-4,59,  
p<0,001, r=0,23 
t(295,06)=-3,52,  
p<0,01, r=0,20 
t(369)=-6,39,  
p<0,001, r=0,32 
Class 1 – class 3 t(349)=-1,31,  
n.s. 
t(349)=1,14,  
n.s. 
t(306,72)=-3,57,  
p<0,01, r=0,20 
Class 2 – class 3 t(410)=3,55,  
p<0,01, r=0,17 
t(410)=5,4,  
p<0,001, r=0,26 
t(407,56)=3,45,  
p<0,01, r=0,17 
Table 11-6. Post-test results of the conducted t-test with applied Bonferroni correction for all three components of 
situational interest and between all three classes of students. 
Regarding treatment group students’ follow-up results, significant differences between the classes still 
remain (see Table 11-7). More specifically, disparities between members of class 2 and 3 disappear, 
whereas they increase between classes 1 and 3 and remain between classes 1 and 2 (see Table 11-8).  
 Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
ANOVA results F(225, 2)=10,21,  p<0,001 F(225, 2)=4,81,  p<0,01 F(225, 2)=11,57,  p<0,001 
Table 11-7. Results of the follow-up ANOVA for all three situational interest components, assessing differences between 
all three classes’ means. 
Comparison  Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
Class 1 – class 2 t(142)=-4,16,  
p<0,001, r=0,33 
t(142)=-2,76,  
p<0,05, r=0,23 
t(142)=-4,62,  
p<0,001, r=0,36 
Class 1 – class 3 t(134)=-3,43,  
p<0,01, r=0,28 
t(83,86)=-1,15,  
n.s. 
t(134)=-3,85,  
p<0,001, r=0,32 
Class 2 – class 3 t(174)=1,3,  
n.s. 
t(174)=2,12,  
n.s. 
t(174)=1,1,  
n.s. 
Table 11-8. Follow-up results of the conducted t-test with applied Bonferroni correction for all three components of 
situational interest and between all three classes of students. 
Along with the analyses of the classes within the treatment group, it is necessary to compare results 
between class members of both, control and treatment group. Therefore additional t-test were applied 
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for the post-test data (see Table 11-9). Results, first of all, reveal that in all cases in which differences 
occur, treatment group students achieve higher than those of the control group. On closer inspection, 
major disparities were found between students of class 1. In this case means differ with medium effect 
sizes for all three situational interest components. Differences between treatment and control group 
for class 2 and class 3 students just emerge regarding their feeling-related component. Nevertheless, 
for class 2 students with a remarkable, almost large, effect size. In contrast to that, differences 
regarding class 3 showed just a rather small effect size. However, in all cases differences between 
control and treatment group students disappear for the follow-up (see Table 11-10). Again, this is in 
accordance to the overall results in section 11.1.1. 
Comparison  Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
Class 1 (CG) 
– class 1 (TG) 
t(257)=-5,55,  
p<0,001, r=0,33 
t(257)=-4,18,  
p<0,001, r=0,25 
t(198,67)=-4,14,  
p<0,001, r=0,28 
Class 2 (CG) 
– class 2 (TG) 
t(103,58)=-5,25, 
p<0,001, r=0,46 
t(292)=-0,35,  
n.s. 
t(291)=-0,87,  
n.s. 
Class 3 (CG) 
– class 3 (TG) 
t(297)=-3,34,  
p<0,01, r=0,19 
t(297)=0,17,  
n.s. 
t(297)=-0,3,  
n.s. 
Table 11-9. Post-test results of the conducted t-test between treatment and control group distinguished for each class 
regarding their means for the three situational interest components. 
Comparison  Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
Class 1 (CG) 
– class 1 (TG) 
t(95)=0,78,  
n.s. 
t(95)=0,63,  
n.s. 
t(95)=-0,11,  
n.s. 
Class 2 (CG) 
– class 2 (TG) 
t(123)=-0,05,  
n.s. 
t(123)=-0,47,  
n.s. 
t(123)=1,65,  
n.s. 
Class 3 (CG) 
– class 3 (TG) 
t(139)=-0,73,  
n.s. 
t(139)=0,29,  
n.s. 
t(139)=-0,48,  
n.s. 
Table 11-10. Follow-up results of the conducted t-test between treatment and control group distinguished for each class 
regarding their means for the three situational interest components. 
When analyzing the three components’ development over time, it turned out that no interaction exists 
between all situational interest components’ course over time and students’ allocation into the three 
classes. General differences over time, however, could be confirmed (see Table 11-11). 
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 Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
Differences over 
time 
F(223; 1)=29,08, p<0,001 F(223; 1)=4,34, p<0,05 F(223; 1)=4,85, p<0,05 
Interaction of time 
and class 
F(223; 2)=1,09, n.s. F(223; 2)=0,72, n.s. F(223; 2)=1,23, n.s. 
Table 11-11. Results of treatment group’s repeated-measures ANOVA for all three situational interest components, 
measuring differences between all three classes’ means over time. 
For the treatment group this was further investigated and distinguished for each class (see Table 
11-12). In general it can be stated that the feeling-related component of all classes decreases over 
time. This was most significant and stronger for students of class 1. For those students, also smaller 
decreases occurred regarding their intrinsic situational interest component. Moreover a small and also 
little significant decrease was found for the value-related component of class 2. Similar to previous 
overall comparisons (see section 11.1.1) the decreases were just found regarding the treatment group 
classes. The associated control group ANOVA results are displayed in Table 11-13. 
 Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
Class 1 t(51)=3,32, p<0,01, r=0,42 t(51)=0,68, n.s. t(51)=2,54, p<0,05, r=0,34 
Class 2 t(90)=2,8, p<0,05, r=0,28 t(90)=2,44, p<0,05, r=0,25 t(90)=1,14, n.s. 
Class 3 t(82)=2,91, p<0,05, r=0,31 t(82)=0,73, n.s. t(82)=0,2, n.s. 
Table 11-12. Results of the dependent t-test, comparing treatment group’s post-test and follow-up means of each 
situational interest component for each class. 
 Feeling-related 
component 
Value-related  
component 
Intrinsic  
component 
Differences over 
time 
F(132; 1)=2,22, n.s. F(132; 1)=0, n.s. F(132; 1)=0,15, n.s. 
Interaction of time 
and class 
F(132; 2)=0,09, n.s. F(132; 2)=0,31, n.s. F(132; 2)=2,93, n.s. 
Table 11-13. Results of control group’s repeated-measures ANOVA for all three situational interest components, measuring 
differences between all three classes’ means over time. 
11.1.6 Summary 
It was shown that the online portal is able to foster the development of students’ situational interest 
caused by the out-of-school laboratory activity. Accordingly it has a significantly positive influence on 
all three components, especially on students’ feeling-related component. However, the additionally 
evoked effects seem to decrease over time. This applies in particular to students’ feeling-related 
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component and with minor effects and less significance to the value-related component. As a 
consequence situational interest levels do finally diminish on the control group level. Nevertheless, a 
more detailed investigation on the online portal’s post enhancement revealed similar findings for the 
values’ development over time. Looking at gender aspects, one can state, generally, that the out-of-
school laboratory in combination with the online portal is able to promote both genders’ situational 
interest significantly better than in case of control group students. This effect was even stronger for 
girls as they more strongly developed a personal relevance regarding the activity content than boys. 
This seems further supported as this valence remained stable over time for treatment group girls, 
whereas it decreased for boys. Analyses on students’ different levels revealed the online portal’s 
positive impact on the situational interest development of students belonging to lower and upper 
secondary levels. Along with that, results suggest that the online portal especially supported less 
scientific interested students of class 1 but also more scientific interested students of class 2. More in 
particular class 1 students’ interest increased in all three components, whereas class 2 students were 
just promoted regarding their feeling-related situational interest. However the latter effect occurred 
with rather strong effects. As a result, after the out-of-school laboratory activity, all three situational 
interest components were significantly higher for treatment than for control group students. However, 
the implemented online portal post enhancement seems to have no particular impact on genders or 
levels subgroups. 
11.2 Results regarding hypothesis 2 – self-concept  
Data on students’ self-concept was gathered during all three stages of the survey. According to it, the 
impact of the online portal on an individuals’ self-concept shall be assessed. Based on the theoretical 
considerations, (see section 4.2) an increase in students’ values due to the online portal can be 
expected as it provides e.g. a comprehensive content preparation and detailed knowledge on the 
laboratory issues for the post enhancement. The following section will provide cross-sectional as well 
as a longitudinal comparisons of all three stages. 
11.2.1 Overall comparison of control and treatment group 
Already the pre-test reveals a significant difference between treatment and control group students’ 
self-concept (t(835)=-5,13, p<0,001, r=0,17). Assessments in the following stages of the survey show, 
that the difference decreases. For the post-test, treatment group students’ self-concept still remains 
significantly better compared to the one of the control group’s students (t(816)=-3,65, p<0,001, 
r=0,13). Finally, in the follow-up differences can’t be observed anymore. It seems that the treatment 
group approached the control group’s self-concept level. The cross-sectional analyses are illustrated 
in Figure 11-23, Figure 11-24, and Figure 11-25. For their course over time, as confirmed by the ANOVA, 
different tendencies of self-concept development were found for both groups of students (ANOVA 
Analysis & Results 
84 
results on interaction between time and group: F(1,89;687,99)=3,46, p<0,05). As a result of conducted 
t-tests it was revealed that on the one hand self-concept values of the control group do remain over 
time whereas in contrast to that, treatment group’s values decline. More particularly, treatment 
group’s self-concept values for the follow-up were significantly lower than before in the pre-test 
(t(225)=-1,13, p<0,05, r=0,19) and post-test (t(225)=3,70, p<0,001, r=0,24, see Figure 11-26).  
           
 
11.2.2 Post enhancement impact 
As stated previously (see 10.3), the online portal’s post enhancement was no obligation. In order to 
prevent biases between the overall treatment group and their post enhanced share, a t-test was 
conducted, assessing the two groups’ similarity. As a result, no statistical differences between the two 
Figure 11-23. Pre-test scale means of 
students' self-concept for treatment 
and control group. 
Figure 11-24. Post-test scale means of 
students' self-concept for treatment 
and control group. 
Figure 11-25. Follow-up scale means of 
students' self-concept for treatment 
and control group. 
Figure 11-26. Treatment and control groups' development over time for students' 
self-concept. 
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groups could be assessed for the post test (t(319)=-1,18, n.s.). Bonferroni corrected t-tests, comparing 
all three assessment stages, revealed the post enhanced treatment group’s self-concept development 
over time. As a result a similar tendency compared with the overall treatment group was observed. In 
particular, self-concept levels for the follow-up were significantly lower than in the stages before (see 
Figure 11-27). Thereby the differences appeared with nearly medium effect sizes (pre-test to follow-
up: t(91)=2,83, p<0,05, r=0,28, post-test to follow-up: t(91)=2,65, p<0,05, r=0,27). 
     
However, by comparing treatment group students who did the post progression with those of the 
control group, the in previous stages found significant group difference still remains with a small effect 
size (t(233)=-2,24, p<0,05, r=0,15, Figure 11-28). 
11.2.3 Gender impact 
Investigations on the gender impact present a rather clear picture. For both, treatment and control 
group, females perceive their self-concept in regards to science worse than males. Highly significant 
differences have been found for the treatment group for all three stages of the research (pre-test: 
t(417)=-9,95, p<0,001, r=0,44, post-test: t(565)=-7,95, p<0,001, r=0,44, follow-up: t(226)=-5,68, 
p<0,001, r=0,35). Almost the same appeared for the control group (pre-test: t(283)=-4,94, p<0,001, 
r=0,28, post-test: t(249)=-4,29, p<0,001, r=0,26), just in the follow-up no significant difference could 
be confirmed. This may be due to the smaller number of respondents. The cross-sectional gender 
comparisons for pre, post-test and follow-up are presented in Figure 11-29, Figure 11-30, and Figure 
11-31.  
Figure 11-27. Post enhanced treatment group’s development 
over time for students' self-concept. 
 
Figure 11-28. Follow-up scale means regarding 
self-concept for treatment group students with 
post enhancement and control group students. 
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It is noteworthy, that the differences’ effect sizes for pre and post-test are nearly large in the case of 
the treatment group, whereas nearly medium for the control group. Moreover, within the three stages 
of the survey, comparisons between control and treatment group have been conducted in order to 
find differences for the two genders. As a result it was found that males belonging to the treatment 
group scored significantly higher than their control group’s counterparts.       
 
 
 
Figure 11-29. Pre-test scale means regarding self-concept for 
both genders of treatment group respectively control group 
students. 
Figure 11-30. Post-test scale means regarding self-concept 
for both genders of treatment group respectively control 
group students. 
Figure 11-31. Follow-up scale means regarding self-concept 
for both genders of treatment group respectively control 
group students. 
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Survey Comparison Female students Male students 
Pre-test Control and 
treatment group 
t(342)=-1,91, n.s. t(279,69)=-4,86, p<0,001, r=0,28 
Post-test Control and 
treatment group 
t(323)=-1,78, n.s. t(236,67)=-2,92, p<0,01, r=0,19 
Follow-up Control and 
treatment group 
t(101,08)=0,52, n.s. t(235)=-2,71, p<0,01, r=0,17 
Table 11-14. Tested differences between treatment and control group students regarding their self-concept for both 
genders. 
This appeared for all three stages of the research with small to medium effect sizes (see Table 11-14). 
In contrast, for female students no differences between treatment groups and control groups could 
be observed (see Table 11-14). Based on the applied ANOVA, no gender specific differences for 
students’ self-concept course over time were found, neither for treatment nor for control group 
(ANOVA results on interaction between time and gender, control group: F(1,88;261,20)=0,23, n.s., 
treatment group: F(1,88;421,23)=0,04, n.s.). A detailed analysis on the development of students’ self-
concept over time was conducted by Bonferroni adjusted t-tests. They revealed slightly different 
tendencies over time between treatment and control group. Self-concept level of both, female and 
male students for control group remained unchanged (Figure 11-32) which also applies for treatment 
group’s females. In contrast, the self-concept of treatment group’s males falls with a small effect size 
from post-test to follow-up (t(147)=2,85, p<0,05, r=0,23, see Figure 11-33).   
    
11.2.4 Lower and upper secondary level impact 
The comparison of students’ different level present a rather heterogeneous image. On the one hand, 
within the control group no differences for all three stages of the survey were observed. On the other 
hand, students of the treatment group achieved regarding their level significantly different values of 
self-concept according to their level (pre-test: t(568)=-2,63, p<0,01, r=0,12, post-test: t(565)=-2,63, 
Figure 11-32. Control group’s course over time regarding 
females' and males' self-concept. 
Figure 11-33. Treatment group’s course over time regarding 
females' and males' self-concept. 
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p<0,01, r=0,11, follow-up: t(226)=-2,60, p<0,05, r=0,17). Here the upper secondary level students 
scored higher than those of the lower secondary level. However, effect sizes are just low. The 
comparison between the two levels for treatment and control group during all three stages of the 
research are displayed in Figure 11-34, Figure 11-35, and Figure 11-36).  
    
 
Furthermore, the cross-sectional comparisons between treatment and control group students within 
the two levels were conducted. It was found that right in the pre-test lower secondary level students 
of the treatment group scored significantly higher than their control group’s counterparts (see Table 
11-15). In the case of the upper secondary level, the treatment group students achieved significantly 
higher self-concept values for the post test, too (see Table 11-15). Nevertheless, for low, as well as 
Figure 11-34. Pre-test scale means regarding self-concept for 
lower and upper secondary students of treatment group 
respectively control group. 
Figure 11-35. Post-test scale means regarding self-concept 
for lower and upper secondary students of treatment group 
respectively control group. 
Figure 11-36. Follow-up scale means regarding self-concept 
for lower and upper secondary students of treatment group 
respectively control group. 
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upper secondary students, self-concept levels of treatment and control group, seem to approach over 
time (see Table 11-15). 
Survey Comparison Lower secondary level Upper secondary level 
Pre-test Control and 
treatment group 
t(373)=-2,75, p<0,01, r=0,14 t(478)=-4,25, p<0,001, r=0,19 
Post-test Control and 
treatment group 
t(339)=-1,21, n.s. t(475)=-3,75, p<0,001, r=0,17 
Follow-up Control and 
treatment group 
t(107)=0, n.s. t(260)=-1,53, n.s. 
Table 11-15. Tested differences between treatment and control group students regarding their self-concept for lower and 
upper secondary level. 
When analyzing the development of treatment group’s and control group’s self-concept over time, it 
turned out that for both cases there are no dependencies regarding the students’ level (ANOVA results 
on interaction between time and level, control group: F(1,88;260,92)=0,05, n.s., treatment group: 
F(1,88;422,54)=2,24, n.s.). Longitudinal analysis for control group students showed stability in both 
levels’ self-concept. The same applied to treatment group’s upper secondary students. However, there 
was a significant decline in self-concept levels, with a small effect size, from post-test to follow-up for 
treatment group’s students belonging to the lower secondary level (t(175)=2,83, p<0,05, r=0,21). The 
course over time distinguished between lower and upper secondary level regarding treatment and 
control group is presented in Figure 11-37 and Figure 11-38. 
   
Figure 11-37. Control group’s course over time regarding 
lower and upper secondary level students' self-concept. 
Figure 11-38. Treatment group’s course over time regarding 
lower and upper secondary level students' self-concept. 
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11.2.5 Interest class impact 
  
Means of treatment group students’ self-concept revealed a constant order of the classes for all three 
stages of the research (see bar charts in Figure 11-39, Figure 11-40, and Figure 11-41). The series of 
ANOVA that were conducted confirmed significant differences between the classes (pre-test: F(567, 
2)=193,42, p<0,001, post-test: F(564, 2)=131,58, p<0,001, follow-up: F(225, 2)=52,50, p<0,001). 
Accordingly, class 2 students score highest followed by class 3 students. Lowest means were found 
concerning members of class 1. Significant discrepancies occurred between class 1 and 2 as well as 
classes 2 and 3, in both cases with large effect sizes (see Table 11-16). Differences between classes 1 
and 3 are of medium size. 
Comparison  Pre-test Post-test Follow-up 
Class 1 – class 2 t(249)=-17,45,  
p<0,001, r=0,74 
t(286,74)=-14,74,  
p<0,001, r=0,66 
t(142)=-9,21,  
p<0,001, r=0,61 
Class 1 – class 3 t(274,81)=-7,05,  
p<0,001, r=0,39 
t(279,88)=-6,83,  
p<0,001, r=0,38 
t(134)=-3,92,  
p<0,001, r=0,32 
Class 2 – class 3 t(412)=13,59,  
p<0,001, r=0,56 
t(410)=9,99,  
p<0,001, r=0,44 
t(174)=7,22,  
p<0,001, r=0,48 
Table 11-16. Treatment group results of the conducted t-test with applied Bonferroni correction between all three classes 
of students and for all stages of the assessment. 
In comparison with their control group counterparts, it was found that treatment group students of 
class 1 and 2 achieved higher scores for the pre-test. However differences were slightly significant and 
with small effect size. Additional differences could not be confirmed (see Table 11-17).  
Figure 11-39. Treatment group pre-test 
self-concept means for all three classes 
 
Figure 11-40. Treatment group post-
test self-concept means for all three 
classes 
Figure 11-41. Treatment group follow-
up self-concept means for all three 
classes 
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Comparison  Pre-test Post-test Follow-up 
Class 1 (CG) 
– class 1 (TG) 
t(258)=-2,58,  
p<0,05, r=0,16 
t(246)=-2,18,  
n.s. 
t(96)=0,18,  
n.s. 
Class 2 (CG) 
– class 2 (TG) 
t(109,97)=-2,63,  
p<0,05, r=0,24 
t(283)=0,34,  
n.s. 
t(129)=-1,14,  
n.s. 
Class 3 (CG) 
– class 3 (TG) 
t(298)=-1,02,  
n.s. 
t(283)=-1,44,  
n.s. 
t(140)=0,02,  
n.s. 
Table 11-17. Results of the conducted t-test between treatment and control group distinguished for each class and each 
stage of the assessment. 
Furthermore, each classes’ development over time was compared. In doing so, it was distinguished 
between treatment and control group. Based on the results of the ANOVA statistics, it turned out that 
in contrast to the control group, treatment group results did not show an interaction between the class 
allocation and the course over time. However, regardless of the single classes, significant differences 
concerning the self-concept development over time were confirmed (see Table 11-18). Further analysis 
via dependent t-tests showed treatment group students’ constant self-concept levels. A slightly 
significant decrease with a small effect size was determined from post-test to follow-up regarding class 
3. Control group results show a different picture. Solely students of class 3 kept a constant level of 
their self-concept. Changes with medium effect sizes occurred for class 1 from pre-test to post-test 
respectively from pre-test to follow-up. Self-concept values of class 2 show a first increase from pre to 
post-test and a following decrease from post-test to follow-up. All results of the independent t-tests 
are shown in Table 11-19 and Table 11-20. The general course over time of students’ self-concept is 
illustrated in Figure 11-42 for both, control and treatment group. 
 Control group Treatment group 
Differences over time F(259,23; 1,88)=3,7, p<0,05 F(418,8; 1,88)=7,85, p<0,01 
Interaction of time and class F(259,23; 3,76)=4,68, p<0,01 F(418,8; 3,76)=0,25, n.s. 
Table 11-18. Results of control and treatment group’s repeated-measures ANOVA. 
Comparison  Class 1 Class 2 Class 3 
Pre-test 
– post-test 
t(45)=-2,63, p<0,05, r=0,37 t(38)=-3,39, p<0,01, r=0,48 t(55)=0,7, n.s. 
Pre-test 
– follow-up  
t(45)=-3,27, p<0,01, r=0,44 t(38)=0,65, n.s. t(55)=0,79, n.s. 
Post-test  
– follow-up 
t(45)=-0,84, n.s. t(38)=3,58, p<0,01, r=0,50 t(55)=0,28, n.s. 
Table 11-19. Control group results of the conducted independent t-test between all stages of the assessment and for all 
classes. A Bonferroni correction was applied. 
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Comparison  Class 1 Class 2 Class 3 
Pre-test 
– post-test 
t(51)=0,47, n.s. t(90)=-0,85, n.s. t(82)=-1,43, n.s. 
Pre-test 
– follow-up  
t(51)=1,78, n.s. t(90)=1,73, n.s. t(82)=1,41, n.s. 
Post-test  
– follow-up 
t(51)=1,64, n.s. t(90)=2,23, n.s. t(82)=2,46, p<0,05, r=0,26 
Table 11-20. Treatment group results of the conducted independent t-test between all stages of the assessment and for 
all classes. A Bonferroni correction was applied. 
 
11.2.6 Summary  
Students who participated in the online portal’s preparation right start their laboratory activity with a 
significantly higher self-concept level compared to their control school mates. This significant 
difference solely decreased over time for the last assessment. However, due to the online portal’s post 
enhancement, students who further post worked on the out-of-school laboratory content kept a 
higher self-concept level compared to control group students. According to the gender analyses, it was 
found that a general gender gap existed which seemed to get smaller for the last assessment. More 
particularly, both treatment group genders scored higher than their control group counterparts 
through all three stages of the assessment. However, significant effects on students’ self-concept only 
occurred for males. Further differences appear in regard of students’ level, in that case treatment 
group students temporarily achieved higher self-concept vales. More particularly, the effect is 
marginally stronger and lasted a bit longer for upper secondary level students. Similar to findings 
Note. Bold brackets are related to treatment group t-test significances, whereas those of 
the control group are dashed. 
Figure 11-42. Self-concept means over time for all three classes of students, distinguished 
between treatment and control group. 
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concerning hypothesis 1, the online portal seems to temporarily slightly increase the little self-
concepts of less scientific students of class 1 but also the already rather high self-concept of science 
interested students of class 2.  
11.3 Results regarding hypothesis 3 – individual interests 
In order to assess students’ situational interest, three specific fields of interest were assessed, namely 
students’ interest in science, experiments, and a career in physics. Data on students’ interest in a 
career in physics was gathered for all three stages of the survey. Students’ interest in science and 
experimentation was investigated in the pre-test and the follow-up. Based on their analyses, it shall 
be investigated whether the out-of-school laboratories effect regarding the fostering of individual 
interest can be supported by the online portal. In accordance with theoretical considerations, an 
individual interest is understood as a long-lasting interest which depends on an individual’s habitual 
personality features (see section 4.1.3). Therefore, it was regarded as rather stable. Consequently, it is 
assumed that the online portal’s preparation, as well as post enhancement, seems to have no impact 
on the three investigated fields of individual interest. The following section will provide cross-sectional, 
as well as a longitudinal analyses, of all three, and in some cases two, stages. 
11.3.1 Overall comparison of control and treatment groups 
    
Conducted cross-sectional tests revealed for students’ interest in science, as well as their interest in 
experimentation, no significant differences for the follow-up but for the pre-test. With small effect 
sizes treatment group students scored higher than their control group’s counterparts in the post test 
stage (interest in science: t(853)=-4,49, p<0,001, r=0,15, interest in experimentation: t(853)=-3,09, 
p<0,01, r=0,11, see Figure 11-43 and Figure 11-44). In contrast, persistent differences for all three 
Figure 11-43. Pre-test scale means of students' interest in 
science respectively experimentation for treatment and 
control group. 
Figure 11-44. Follow-up scale means of students' interest in 
science respectively experimentation for treatment and 
control group. 
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stages were found regarding students’ interest in a career in physics. More particularly, treatment 
group participants scored significantly higher compared to control group members (see Table 11-21). 
Survey Comparison Interest in a career in physics 
Pre-test Control and treatment group t(536,95)=-3,06, p<0,01, r=0,13 
Post-test Control and treatment group t(450,51)=-3,60, p<0,001, r=0,17 
Follow-up Control and treatment group t(369)=-2,03, p<0,05, r=0,10 
Table 11-21. Tested differences between treatment and control group students regarding their interest in a career in 
physics. 
For all three individual interest scales, interactions between development over time and students 
belonging to treatment or control group weren’t found. Thus, for each scale, the course over time 
doesn’t significantly differ between treatment and control group (interest in science: F(1;373)=2,77, 
n.s., interest in experimentation: F(1;372)=0,16, n.s., interest in a career in physics: 
F(1,75;639,40)=0,46, n.s). The conducted t-tests for all scales revealed for both, treatment as well as 
control groups no significant changes at all (see Figure 11-45, Figure 11-46, and Figure 11-47). Thus all 
scales’ values remain stable throughout the investigation. 
     
Figure 11-45. Course over time regarding treatment and 
control group’s interest in science. 
Figure 11-46. Course over time regarding treatment and 
control group’s interest in experimentation. 
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11.3.2 Post enhancement impact 
As mentioned in section 10.3, only part of the treatment group students participated in the online 
portal’s post work. This share was used in order to assess the online portal’s post enhancement. In 
order to prevent bias, the latter share was compared with the overall treatment group. As a result it 
was found, that the post enhanced share of the treatment group is representative of the whole 
treatment group regarding all the three individual interest scales contained in this study (interest in 
science: t(321)=-0,77, n.s., interest in experimentation: t(321)=-0,53, n.s., interest in a career in 
physics: t(319)=-0,30, n.s.).Similar to the previous case for control and the overall treatment group, 
the post enhanced treatment group students’ development over time contains no significant changes 
for any of the three scales, particularly interest in science, experimentation and a career in physics (see 
Figure 11-48 and Figure 11-49).  
       
Figure 11-47. Course over time regarding treatment and control group’s 
interest in a career in physics. 
Figure 11-48. Course over time regarding post enhanced 
students' interest in science and experimentation. 
Figure 11-49. Course over time regarding post enhanced 
students' interest in a career in physics. 
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However, for the previous treatment and control group follow-up comparisons, no difference was 
found for students’ interest in experimentation (t(233)=-1,66, n.s.) and a small difference for their 
interest in a career in physics (t(233)=-2,04, p<0,05, r=0,13). Treatment group students who 
participated in the online portal’s post enhancement scored significantly higher regarding interest in 
science than control group members (t(233)=-2,48, p<0,05, r=0,16). The results of the cross-sectional 
comparisons are shown in Figure 11-50.  
 
11.3.3 Gender impact 
    
Investigating differences between female and male students regarding the three individual interest 
scales revealed a number of gender differences. A comparatively moderate difference was found 
regarding students’ interest in experimentation. For pre-test and follow-up no differences occurred for 
the control group’s students (pre-test: t(283)=-1,67, n.s., follow-up: t(142)=-1,16, n.s., see Figure 11-51 
Figure 11-50. Follow-up scale means of students' interest in science, 
experimentation and a career in physics for treatment group participants 
with post enhancement and control group members. 
Figure 11-51. Pre-test scale means of students' interest in 
experimentation for treatment group and control group 
students. 
Figure 11-52. Post-test scale means of students' interest in 
experimentation for treatment group and control group 
students. 
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and Figure 11-52). In contrast, treatment group males scored with small effect sizes higher than 
females (pre-test: t(568)=-4,89, p<0,001, r=0,20, follow-up: t(228)=-3,6, p<0,001, r=0,23, see Figure 
11-51 and Figure 11-52).  
    
In regards to students’ interest in science significant gender disparities occurred for both treatment 
and control groups. In this regard, male treatment group students scored higher with medium effect 
sizes compared to their female counterparts (pre-test: t(568)=-7,92, p<0,001, r=0,32, follow-up: 
t(229)=-5,36, p<0,001, r=0,33, see Figure 11-53 and Figure 11-54). In contrast, control group gender 
differences had smaller effect sizes (pre-test: t(283)=-3,98, p<0,001, r=0,23, follow-up: t(142)=-2,1, 
p<0,05, r=0,17, see Figure 11-53 and Figure 11-54).  
    
 
Figure 11-53. Pre-test scale means of students' interest in 
science for treatment group and control group students. 
Figure 11-54. Post-test scale means of students' interest in 
science for treatment group and control group students. 
Figure 11-55. Pre-test scale means of students' interest in a 
career in physics for treatment and control groups 
distinguished by gender. 
Figure 11-56. Post-test scale means of students' interest in a 
career in physics for treatment and control groups 
distinguished by gender. 
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However, major gender disparities appeared for students’ interest in a career in physics throughout 
the survey. Regardless of their participation in treatment or control group, females with a medium 
effect size scored lower than males (control group: pre-test: t(283)=-5,92, p<0,001, r=0,33, post-test: 
t(249)=-5,44, p<0,001, r=0,33, follow-up: t(141)=-3,21, p<0,01, r=0,26, treatment group: pre-test: 
t(509,09)=-9,1, p<0,001, r=0,37, post-test: t(565)=-7,93, p<0,001, r=0,32, follow-up: t(226)=-4,83, 
p<0,001, r=0,31, see Figure 11-55, Figure 11-56, and Figure 11-57).  
Comparisons between treatment and control group participants revealed further differences for both 
genders. Whereas, regarding females’ interest in science, no differences were found between 
treatment and control group for pre and post-test, this difference appears for males (see Table 11-22). 
In both stages boys belonging to the treatment group with small effect sizes scored higher than their 
control group counterparts. Also for students’ interest in experimentation, differences existed soley 
between male treatment and control group participants. Here treatment group males significantly 
scored higher for the post test. Findings for the follow-up could not confirm differences (see Table 
11-22). Looking at both genders interest in a career in physics, for pre and post-test treatment group’s 
females as well as males achieved significantly higher levels. However just small effect sizes were 
detected, moreover no differences appeared between treatment and control groups for both genders’ 
follow-up results (see Table 11-22). 
  
Figure 11-57. Follow-up scale means of students' interest in 
a career in physics for treatment and control groups 
distinguished by gender. 
  Analysis & Results 
99 
Scale Survey Comparison Female students Male students 
Interest in 
science 
Pre-test Control and 
treatment group 
t(342)=-1,94, n.s. t(276,59)=-3,8, 
p<0,001, r=0,22 
Follow-up Control and 
treatment group 
t(135)=0,27, n.s. t(236)=-2,5, p<0,05, 
r=0,16 
Interest in 
experimentation 
Pre-test Control and 
treatment group 
t(342)=-0,94, n.s. t(509)=-3,05, p<0,01, 
r=0,13 
Follow-up Control and 
treatment group 
t(134)=0,42, n.s. t(236)=-1,84, n.s. 
Interest in a 
career in physics 
Pre-test Control and 
treatment group 
t(342)=-1,96, p<0,05, 
r=0,11 
t(509)=-2,12, p<0,05, 
r=0,09 
Post-test Control and 
treatment group 
t(184,37)=-2,52, 
p<0,05, r=0,18 
t(491)=-2,46, p<0,05, 
r=0,11 
Follow-up Control and 
treatment group 
t(132)=-0,81, n.s. t(235)=-1,75, n.s. 
Table 11-22. Tested differences between treatment and control group students regarding their interest in science, 
experimentation and a career in physics for both genders. 
Conducted ANOVAs presented similar outcomes for all three scales. No interactions between a scales 
development over time and students’ gender was found. More particularly, the course over time isn’t 
significantly different between female and male students of treatment respective to the control group 
(see Table 11-23).  
 Interest in science Interest in 
experimentation 
Interest in a career in 
physics 
Control group F(1; 142)=1,52, n.s. F(1; 142)=1,49, n.s. F(1,74;241,16)=0,25, n.s. 
Treatment group F(1; 229)=0,04, n.s. F(1; 228)=0,75, n.s. F(1,75;392,31)=0,09, n.s. 
Table 11-23. ANOVA results on interaction between time and students’ gender regarding the three investigated individual 
interest scales, namely interest in science, experimentation and a career in physics. 
The results of the gender-related longitudinal analyses confirmed the previously presented tendency 
of the overall treatment and control group comparison. As a result, female and male students’ 
individual interest scales within the treatment respective to the control group does not significantly 
change over time. Treatment and control group’s course over time for all stages, and distinguished for 
both genders, is presented in Figure 11-58, Figure 11-59, Figure 11-60, Figure 11-61, Figure 11-62, and 
Figure 11-63. 
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Figure 11-58. Course over time regarding control group 
students' interest in science, distinguished between females 
and males. 
Figure 11-59. Course over time regarding treatment group 
students' interest in science, distinguished between females 
and males. 
Figure 11-60. Course over time regarding control group 
students' interest in experimentation, distinguished 
between females and males. 
Figure 11-61. Course over time regarding treatment group 
students' interest in experimentation, distinguished 
between females and males. 
Figure 11-62. Course over time regarding control group 
students' interest in a career in physics, distinguished 
between females and males. 
Figure 11-63. Course over time regarding treatment group 
students' interest in a career in physics, distinguished 
between females and males. 
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11.3.4 Lower and upper secondary level impact 
    
Investigations regarding students who belong to the lower and upper secondary level revealed 
differences for each of the three individual interest scales. Same interests in experimentation were 
detected for the treatment respective to the control group students of the two levels (see Figure 11-64 
and Figure 11-65). In regards to of respondents’ general interest in science, pre-test results showed 
differences between lower and upper secondary level students for both, treatment and control group 
(control group: t(283)=-2,52, p<0,05, r=0,15, treatment group: t(568)=-2,65, p<0,01, r=0,11, see Figure 
11-66 and Figure 11-67). More particularly, students of the upper level showed more interest with 
small effect sizes than their lower level schoolmates. For the follow-up small and little significant 
differences were just found for control group students (t(142)=-2,1, p<0,05, r=0,17). 
    
Figure 11-64. Pre-test scale means of students' interest in 
experimentation for treatment and control groups 
distinguished by students' level. 
Figure 11-65. Follow-up scale means of students' interest in 
experimentation for treatment and control groups 
distinguished by students' level. 
Figure 11-66. Pre-test scale means of students' interest in 
science for treatment and control groups distinguished by 
students' level. 
Figure 11-67. Follow-up scale means of students' interest in 
science for treatment and control groups distinguished by 
students' level. 
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However, a rather stable gap between the two levels was found for students’ interest in a career in 
physics, it seems. In this case, except for control group’s post-test, differences were found throughout 
all three stages of the research, but again with small effect sizes (control group: pre-test: t(281,57)=-
2,18, p<0,05, r=0,13, post-test: t(249)=-1,66, n.s., follow-up: t(141)=-2,27, p<0,05, r=0,19, treatment 
group: pre-test: t(558,51)=-4,89, p<0,001, r=0,20, post-test: t(543,89)=-3,61, p<0,001, r=0,15, follow-
up: t(226)=-2,78, p<0,01, r=0,18). Related treatment and control group results for the students of the 
two levels and during all three research stages are presented in Figure 11-68, Figure 11-69, and Figure 
11-70.  
      
 
Further t-tests revealed differences between treatment and control group within either upper or lower 
secondary level. As a result differences appeared for all three scales of individual interest, showing 
treatment group’s higher interest levels. Minor effects were found regarding students’ interest in 
Figure 11-68. Pre-test scale means of students' interest in a 
career in physics for treatment group and control group 
students, distinguished by students' level. 
Figure 11-69. Post-test scale means of students' interest in a 
career in physics for treatment group and control group 
students, distinguished by students' level. 
Figure 11-70. Follow-up scale means of students' interest in 
a career in physics for treatment group and control group 
students, distinguished by students' level. 
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experimentation. In this case just treatment group’s lower secondary students achieved in the pre-test 
significant higher levels compared with those of the control group (see Table 11-24).  
Scale Survey Comparison Lower secondary  
students 
Upper secondary 
students 
Interest in 
science 
Pre-test Control and 
treatment group 
t(373)=-3,48, p<0,001, 
r=0,18 
t(478)=-2,7, p<0,01, 
r=0,12 
Follow-up Control and 
treatment group 
t(108)=-1,25, n.s. t(263)=-0,7, n.s. 
Interest in 
experimentation 
Pre-test Control and 
treatment group 
t(373)=-2,61, p<0,01, 
r=0,13 
t(478)=-1,77, n.s. 
Follow-up Control and 
treatment group 
t(108)=-0,22, n.s. t(262)=-0,84, n.s. 
Interest in a 
career in physics 
Pre-test Control and 
treatment group 
t(373)=-1,49, p<0,05, 
r=0,11 
t(267,08)=-2,44, 
p<0,05, r=0,15 
Post-test Control and 
treatment group 
t(339)=-2,24, p<0,05, 
r=0,12 
t(475)=-3,03, p<0,01, 
r=0,14 
Follow-up Control and 
treatment group 
t(107)=-0,6, n.s. t(260)=-1,13, n.s. 
Table 11-24. Tested differences between treatment and control group students regarding their interest in science, 
experimentation and a career in physics for lower and upper secondary level students. 
 Interest in science Interest in 
experimentation 
Interest in  
a career in physics 
Control group F(1; 142)=0,43, n.s. F(1; 142)=0,40, n.s. F(1,73;240,19)=0,19, n.s. 
Treatment group F(1; 229)=0,04, n.s. F(1; 228)=0,16, n.s. F(1,75;392,59)=0,01, n.s. 
Table 11-25. ANOVA results on interaction between time and students’ level regarding the three investigated individual 
interest scales, namely interest in science, experimentation and a career in physics. 
The occurring effect size was small. For the follow-up no differences could be confirmed between the 
treatment and control group students of both levels. However, regarding students’ interest in science, 
treatment group students of both levels scored with small effect sizes higher than their control group 
counterparts (see Table 11-24). Those differences have solely been found for the pre-test. Differences 
for pre- and post-tests were detected for students’ interest in a career in physics. For the two stages 
of the survey, treatment group students of both, lower and upper secondary level achieved higher 
interest levels, again with small effect sizes (see Table 11-24). In order to investigate interactions 
between the three scales’ development over time and possible interactions regarding students’ level, 
ANOVAs have been conducted for the treatment and control groups. As a result, it was found for both, 
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treatment and control group that the course over time is not different between students of lower and 
upper secondary level (see Table 11-25).   
Longitudinal results concerning the three individual interests were absolutely in accordance with 
overall treatment and control group results. Neither treatment group’s nor control group’s lower or 
upper secondary level students showed significant changes for any interest scale over time. Thus all 
investigated scales, for all groups and subgroups, remained stable throughout the whole research. 
Results of the different stages for the longitudinal assessment are presented in Figure 11-71, Figure 
11-72, Figure 11-73, Figure 11-74, Figure 11-75, and Figure 11-76. 
    
    
Figure 11-71. Course over time regarding control group 
students' interest in science, distinguished between lower 
and upper secondary level students. 
Figure 11-72. Course over time regarding treatment group 
students' interest in science, distinguished between lower 
and upper secondary level students. 
Figure 11-73. Course over time regarding control group 
students' interest in experimentation, distinguished 
between lower and upper secondary level students. 
Figure 11-74. Course over time regarding treatment group 
students' interest in experimentation, distinguished 
between lower and upper secondary level students. 
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11.3.5 Interest class impact  
  
Cross-sectionals analyses regarding pre-test and follow-up assessment reveal unvarying orders of the 
three classes regarding students’ interest in science and experimentation (see Figure 11-77 and Figure 
11-78). Significant disparities occur between all classes and for both scales. Major differences were 
found between classes 1 and 2 (see Table 11-26). Calculated pre-test effect sizes remained for the 
follow-up.  
  
Figure 11-75. Course over time regarding control group 
students' interest in a career in physics, distinguished 
between lower and upper secondary level students. 
Figure 11-76. Course over time regarding treatment group 
students' interest in a career in physics, distinguished 
between lower and upper secondary level students. 
Figure 11-77. Treatment group’s pre-test results regarding 
interest in science and experimentation, divided into the 
three classes 
Figure 11-78. Treatment group’s follow-up results regarding 
interest in science and experimentation, divided into the 
three classes 
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Scale Comparison  Pre-test Follow-up 
Interest in science Class 1 – class 2 t(295,49)=-14,67,  
p<0,001, r=0,65 
t(83,64)=-8,75,  
p<0,001, r=0,69 
Class 1 – class 3 t(281,62)=-4,67,  
p<0,001, r=0,27 
t(136)=-3,49,  
p<0,01, r=0,29 
Class 2 – class 3 t(412)=12,57,  
p<0,001, r=0,53 
t(175)=7,41,  
p<0,001, r=0,49 
Interest in 
experimentation 
Class 1 – class 2 t(371)=-9,19,  
p<0,001, r=0,43 
t(144)=-5,29,  
p<0,001, r=0,40 
Class 1 – class 3 t(351)=-3,81,  
p<0,001, r=0,20 
t(135)=-2,89,  
p<0,05, r=0,24 
Class 2 – class 3 t(412)=6,22,  
p<0,001, r=0,29 
t(175)=2,81,  
p<0,05, r=0,21 
Table 11-26. Treatment group results of the conducted t-test with applied Bonferroni correction between all three classes 
of students and for pre-test and follow-up. 
Similar results were revealed for students’ interest in a career in physics (see Table 11-27). Again 
participants of all class differ from each other. In doing so, once more major disparity was found for 
classes 2 and 1. Participants of class 2 scored significantly higher than those of class 1. Related effect 
sizes were large. Moreover medium effect sizes were also calculated for differences between classes 
2 and 3. 
Scale Pre-test Post-test Follow-up 
Class 1 – class 2 t(371)=-19,1,  
p<0,001, r=0,70 
t(369)=-17,99,  
p<0,001, r=0,68 
t(142)=-9,24,  
p<0,001, r=0,61 
Class 1 – class 3 t(351)=-8,51,  
p<0,001, r=0,41 
t(349)=-7,66,  
p<0,001, r=0,38 
t(134)=-3,77,  
p<0,001, r=0,31 
Class 2 – class 3 t(411,63)=12,06,  
p<0,001, r=0,51 
t(409,27)=11,99,  
p<0,001, r=0,51 
t(174)=6,76,  
p<0,001, r=0,46 
Table 11-27. Treatment group results between all three classes of students and for all three stages of the assessment 
regarding students’ interest in a career in science. For the t-test results a Bonferroni correction was applied. 
Based on comparisons for all classes between their treatment and control group counterparts, it was 
found that there is no significant difference regarding students’ interest in science as well as their 
interest in experimentation (see Table 11-28). Rather similar findings appeared for students’ interest 
in a career in physics (see Table 11-29). Just for post-test comparisons within class 1 differences were 
found. However, they had a small effect size.  
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Scale Comparison  Pre-test Follow-up 
Interest in science Class 1 (TG)  
– class 1 (CG) 
t(258)=-2,29, n.s. t(98)=-0,23, n.s. 
Class 2 (TG)  
– class 2 (CG) 
t(293)=-2,37, n.s. t(131)=-1,66, n.s. 
Class 3 (TG)  
– class 3 (CG) 
t(180,85)=-0,56, n.s. t(140)=0,81, n.s. 
Interest in 
experimentation 
Class 1 (TG)  
– class 1 (CG) 
t(258)=-1,63, n.s. t(97)=0,04, n.s. 
Class 2 (TG)  
– class 2 (CG) 
t(115,72)=-1,39, n.s. t(131)=-0,01, n.s. 
Class 3 (TG)  
– class 3 (CG) 
t(298)=-0,17, n.s. t(140)=-0,63, n.s. 
Table 11-28. Results of the conducted t-test between treatment and control group distinguished for each class within the 
pre-test and follow-up regarding students’ interest in a career in physics. 
Comparison  Pre-test Post-test Follow-up 
Class 1 (CG) 
– class 1 (TG) 
t(258)=-2,11,  
n.s. 
t(246)=-3,36,  
p<0,01, r=0,21 
t(96)=-1,13,  
n.s. 
Class 2 (CG) 
– class 2 (TG) 
t(293)=-0,36,  
n.s. 
t(283)=-0,67,  
n.s. 
t(129)=-0,98,  
n.s. 
Class 3 (CG) 
– class 3 (TG) 
t(298)=0,3,  
n.s. 
t(283)=0,46,  
n.s. 
t(140)=0,95,  
n.s. 
Table 11-29. Results of the conducted t-test between treatment and control group distinguished for each class within all 
three stages of the assessment regarding students’ interest in a career in physics. 
In order to assess the three individual interest scales’ development over time series of ANOVA were 
conducted. Results were similar for both, treatment and control group and for all the three scales. 
Accordingly, no significant changes over time were found in general. Moreover, there was no 
differences regarding the development over time between the classes (see Table 11-30 and Table 
11-31). 
 Interest in  
science 
Interest in 
experimentation 
Interest in  
a career in physics 
Differences over 
time 
F(141; 1)=1,71, n.s. F(141; 1)=0,03, n.s. F(241,08; 1,75)=0,85, n.s. 
Interaction of time 
and class 
F(141; 2)=0,45, n.s. 
 
F(141; 2)=0,62, n.s. F(241,08; 3,49)=1,23, n.s. 
Table 11-30. Results of control group’s repeated-measures ANOVA for all three individual interest scales. 
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 Interest in  
science 
Interest in 
experimentation 
Interest in  
a career in physics 
Differences over 
time 
F(228; 1)=0,65, n.s. F(227; 1)=0,05, n.s. F(388,82; 1,74)=0,03, n.s. 
Interaction of time 
and class 
F(228; 2)=0,08, n.s. F(227; 2)=0,77, n.s. F(388,82; 3,49)=1,26, n.s. 
Table 11-31. Results of treatment group’s repeated-measures ANOVA for all three individual interest scales. 
11.3.6 Summary 
To sum-up results related to the third hypothesis, one can suggest that a sustainable impact of the 
online portal on students’ individual interest scales, namely interest in science, interest in 
experimentation and interest in a career in physics could not be confirmed. However, it seems that 
due to the online portal, students’ interests in science and experimentation are promoted for short 
term and with small effects. Over time this impact disappears. In contrast, findings related to students’ 
interest in a career in physics show more sustainable effects. Nevertheless, effects are small and lose 
their intensity over time. Results concerning students who participated in the online portal’s post 
enhancement suggest a more sustainable development of their interests in science and in a career in 
physics. Moreover, gender analyses revealed online portal’s small and temporary effects on the three 
individual interest scales. Accordingly, it can be assumed that the online portal especially promotes 
males since for them all three individual interest scales are positively affected. Regarding females, in 
contrast, just their interest in a career in physics was stimulated. But again effects are small and 
diminish over time. The same appears for students of different levels. Based on the subgroup results 
it is suggested that the online portal slightly better promotes students of the lower secondary since 
they are fostered for all three individual interest components. This, in contrast, solely applied to upper 
secondary students’ interest in science and in a career in physics. However, both levels’ effects 
emerged temporarily and with small effect sizes. When it comes to findings regarding students’ 
interest classes it was just found that students of class 1 who were mildly interested in science had 
significantly higher interest in a career in physics right after the out-of-school laboratory activity. Again, 
this effect vanished over time. In all other cases no significant effects appeared.  
11.4 Results regarding hypothesis 4 – laboratory features 
Data on students’ perceptions towards their out-of-school laboratory environment was conducted 
right after their experienced laboratory work respectively in the post-test. Therefore six different 
features were monitored, namely challenge, comprehensibility, openness, support, relevance and 
involvement. Presented results are based on conducted cross-sectional analyses between treatment 
group and control group students also under consideration of subgroups. The central question is, 
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whether students’ application of the online portal leads to a different perception of the out-of-school 
laboratory environment or its features. In light of the online portal’s purpose to promote the out-of-
school laboratory by providing students with an appropriate preparation, it is likely to find an impact 
on students’ perceptions of the laboratory environment. Moreover, this can be enhanced, when taking 
into account the interplay of cognitive and affective components in regards to interest and self-concept 
(see sections 4.1.2 and 4.2.1), and assuming their support by the online portal. 
  
11.4.1 Overall comparison of control and treatment groups 
Comparisons between treatment and control group participants on the perceived features of the out-
of-school laboratory showed similar levels for both groups regarding challenge, openness, support and 
their involvement. However, treatment group students perceived the out-of-school laboratory activity 
significantly more relevant to them. A small effect size was detected in this context (t(850)=-
2,03,p<0,05, r=0,07). The major difference appeared regarding students’ comprehension of the 
laboratory activity. It was found that treatment group participants perceived the activity as 
significantly more understandable then students of the control group. The revealed difference had a 
close to medium effect size (t(511,00)=-5,58, p<0,001, r=0,24). All results of the treatment and control 
group comparison for each laboratory feature are shown in Figure 11-79. 
11.4.2 Gender impact 
In order to assess gender disparities, t-tests were conducted on all laboratory features. As a result, 
only students’ perception towards their support during the activity wasn’t dependent upon gender 
(see Figure 11-83). Similarity in occurring disparities between treatment and control group genders 
was found regarding the laboratory’s comprehensibility (control group: t(283)=-3,11, p<0,01, r=0,18, 
treatment group: t(565)=-5,31, p<0,001, r=0,22, see Figure 11-81). Therefore, the monitored effect 
sizes were small. Moreover, for control group female students, the activity’s openness achieved scores 
Figure 11-79. Comparison between treatment and control group participants regarding their out-of-school laboratory 
features. 
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higher than in comparison to their male counterparts (t(283)=2,74, p<0,01, r=0,16, see Figure 11-82). 
However, regarding the relevance of the laboratory activity, treatment group males scored 
significantly higher than girls, but just with a rather small effect size (t(565)=-2,66, p<0,01, r=0,11, see 
Figure 11-84). In contrast, no differences could be confirmed with the control group. Further, likewise 
small effects along with minor significance appeared for treatment group participants’ assessment on 
challenge (t(512,9)=2,19, p<0,05, r=0,10, see Figure 11-80) as well as for control group’s perception of 
their involvement at the out-of-school laboratory (t(220)=2,12, p<0,05, r=0,14, see Figure 11-85).  
    
    
Figure 11-80. Post-test scale means of students' perception 
on challenge as a laboratory feature for treatment group and 
control group students, distinguished by gender. 
Figure 11-81. Post-test scale means of students' perception 
on comprehensibility as a laboratory feature for treatment 
group and control group students, distinguished by gender. 
Figure 11-82. Post-test scale means of students' perception 
on openness as a laboratory feature for treatment group and 
control group students, distinguished by gender. 
Figure 11-83. Post-test scale means of students' perception 
on support as a laboratory feature for treatment group and 
control group students, distinguished by gender. 
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Besides, comparisons between both genders within treatment and control group were conducted. 
Resulting from this, it was found with a high significance, that female, as well as male, treatment group 
students assessed the laboratory activities as more comprehensible than their control group 
counterparts. Detected differences showed small to almost medium effect sizes. For all other 
laboratory features no differences could be confirmed between treatment and control groups 
regarding the two genders (see Table 11-32). 
Scale Comparison Female students Male students 
Challenge  Control and 
treatment group 
t(340)=-0,63, n.s. t(508)=0,62, n.s. 
Comprehensibility Control and 
treatment group 
t(340)=-3,43, p<0,001, r=0,18 t(279,39)=-4,3, p<0,001, 
r=0,25 
Openness Control and 
treatment group 
t(340)=1,67, n.s. t(508)=-0,4, n.s. 
Support Control and 
treatment group 
t(340)=-0,31, n.s. t(508)=-0,91, n.s. 
Relevance Control and 
treatment group 
t(340)=-1,02, n.s. t(508)=-1,63, n.s. 
Involvement Control and 
treatment group 
t(310)=1,2, n.s. t(475)=-0,03, n.s. 
Table 11-32. Tested differences between treatment and control group students regarding their perception of the out-of-
school laboratory environment represented by laboratory features distinguished for female and male students. 
11.4.3 Lower and upper secondary level impact 
Subgroup investigations on the impact of students belonging to either an upper or lower secondary 
for treatment or control group students showed a lot of similarities. Accordingly, no differences at all 
Figure 11-84. Post-test scale means of students' perception 
on relevance as a laboratory feature for treatment group 
and control group students, distinguished by gender. 
Figure 11-85. Post-test scale means of students' perception 
on involvement as a laboratory feature for treatment group 
and control group students, distinguished by gender. 
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were found for students’ perceptions of openness, support, and their involvement throughout the out-
of-school laboratory activities (see Figure 11-88, Figure 11-89, and Figure 11-91). However, based to 
the results, for lower secondary students of the control group the activity was assessed as more 
challenging than for their upper level school mates. The difference in this case appeared with a small 
effect size (t(283)=2,62, p<0,01, r=0,15, see Figure 11-86). Major gap between the two levels was found 
on control group students’ perception regarding the activities relevance. In this case, upper level 
students had a significantly greater appreciation of the laboratory activity (t(283)=-3,18, p<0,01, 
r=0,19, see Figure 11-90). In contrast, the only difference between the two levels that occurred for 
treatment group participants was concerning the comprehensibility. It was found that upper  
secondary level students regarded the activity more understandable. However, the tests significance 
was low as well as the effect size (t(565)=-2,41, p<0,05, r=0,10, see Figure 11-87).  
    
    
Figure 11-86. Post-test scale means of students' perception 
on challenge as a laboratory feature for treatment group and 
control group students, distinguished by students’ level. 
 
Figure 11-87. Post-test scale means of students' perception 
on comprehensibility as a laboratory feature for treatment 
group and control group students, distinguished by 
students’ level. 
Figure 11-88. Post-test scale means of students' perception 
on openness as a laboratory feature for treatment group and 
control group students, distinguished by students’ level. 
Figure 11-89. Post-test scale means of students' perception 
on support as a laboratory feature for treatment group and 
control group students, distinguished by students’ level. 
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T-tests for female and male respondents regarding differences of their laboratory perceptions were 
conducted as well. According to them, the activities comprehensibility was higher with small to 
medium effect sizes for the treatment group’s lower and upper secondary level students than for their 
control group counterparts (see Table 11-33). In addition to that, the control group’s lower secondary 
level participants assessed the activity at out-of-school laboratory as less relevant to them in 
comparison to treatment group students of that level (see Table 11-33). 
Scale Comparison Lower secondary level 
students 
Upper secondary level 
students 
Challenge  Control and 
treatment group 
t(372)=0,77, n.s. t(476)=-0,66, n.s. 
Comprehensibility Control and 
treatment group 
t(372)=-2,55, p<0,05, r=0,13 t(230,4)=-4,99, p<0,001, 
r=0,31 
Openness Control and 
treatment group 
t(372)=1,73, n.s. t(476)=-0,38, n.s. 
Support Control and 
treatment group 
t(372)=-1,01, n.s. t(476)=-0,03, n.s. 
Relevance Control and 
treatment group 
t(372)=-3,14, p<0,01, r=0,16 t(476)=0,17, n.s. 
Involvement Control and 
treatment group 
t(318)=0,38, n.s. t(467)=0,67, n.s. 
Table 11-33. Tested differences between treatment and control group students regarding their perception of the out-of-
school laboratory environment represented by laboratory features distinguished for lower and upper secondary level 
students. 
Figure 11-90. Post-test scale means of students' perception 
on relevance as a laboratory feature for treatment group 
and control group students, distinguished by students’ level. 
Figure 11-91. Post-test scale means of students' perception 
on involvement as a laboratory feature for treatment group 
and control group students, distinguished by students’ level. 
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11.4.4 Interest class impact 
 
On the basis of post-test analyses regarding students’ perception of the out-of-school laboratory 
environment, differences between the student groups appeared (see Figure 11-92). This could be 
confirmed by a conducted ANOVA. Accordingly, differences regarding students’ perceived 
comprehensibility, relevance, and involvement were significant (see Table 11-34).  
challenge comprehensibility openness support relevance involvement 
F(564, 2)=0,14,  
n.s. 
F(564, 2)=36,23,  
p<0,001 
F(564, 2)=1,73,  
n.s. 
F(564, 2)=1,41,  
n.s. 
F(564, 2)=4,96,  
p<0,01 
F(564, 2)=4,47,  
p<0,05 
Table 11-34. Treatment group results of the post-test ANOVA for all laboratory features, assessing differences between all 
three classes’ means. 
The laboratory feature scales, consequently, were further analyzed using t-tests (see Table 11-35). As 
a result, major differences turned out regarding students’ perception of comprehensibility. This 
especially occurred between classes 1 and 2 as well as between classes 2 and 3. Class differences that 
were found regarding other laboratory features had minor significance and little effect size. 
In contrast to the treatment group results, for control group members, disparities were solely found 
in two laboratory features, namely the activities’ comprehensibility and its relevance. As well it was 
found that differences regarding the laboratory activities’ comprehensibility were most significant (see 
Table 11-36). 
 
Figure 11-92. Treatment group means on the laboratory features, divided for each class. 
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 Comparison   
Laboratory feature Class 1 – class 2 Class 1 – class 3 Class 2 – class 3 
challenge t(369)=0,43,  
n.s. 
t(349)=0,07,  
n.s. 
t(397,33)=-0,43,  
n.s. 
comprehensibility t(369)=-7,99,  
p<0,001, r=0,38 
t(300,19)=-2,79,  
p<0,05, r=0,16 
t(410)=5,89,  
p<0,001, r=0,28 
openness t(369)=1,29,  
n.s. 
t(290,49)=-0,24,  
n.s. 
t(402,93)=-1,79,  
n.s. 
support t(369)=-0,32,  
n.s. 
t(349)=1,16,  
n.s. 
t(410)=1,67,  
n.s. 
relevance t(369)=-2,91,  
p<0,05, r=0,15 
t(349)=-0,91,  
n.s. 
t(410)=2,28,  
n.s. 
involvement t(369)=-1,79,  
n.s. 
t(305,13)=0,87,  
n.s. 
t(410)=3,05,  
p<0,01, r=0,15 
Table 11-35. Post-test results of the t-test between the single classes for all laboratory features. 
challenge comprehensibility openness support relevance involvement 
F(282, 2)=0,16,  
n.s. 
F(282, 2)=30,07,  
p<0,001 
F(282, 2)=1,15,  
n.s. 
F(282, 2)=2,13,  
n.s. 
F(282, 2)=4,13,  
p<0,05 
F(219, 2)=0,23,  
n.s. 
Table 11-36. Control group results of the post-test ANOVA for all laboratory features, assessing differences between all 
three classes’ means. 
In order to identify the differences between treatment and control group students who are allocated 
to the same class, additional t-tests were conducted. As a result significant differences emerged 
between treatment and control group students of classes 1 and 3. In both cases treatment group 
participants perceived the comprehensibility of the out-of-school laboratory significantly better. Most 
significant differences were found for class 1. However, both effect sizes range between small and 
medium (class 1: t(257)=-3,82, p<0,001, r=0,23, class 3: t(297)=-3,33, p<0,01, r=0,19).  
Conclusion 
Based on the analyses, it was found that students who used the online portal and those who didn’t 
showed significant distortion concerning their perceptions of the out-of-school laboratory 
environment. Despite the fact that both groups showed most significant disparities with regard to the 
comprehensibility, treatment group students of classes 1 and 2, nevertheless, perceived it significantly 
better than their counterparts. This means out of the students’ awareness, the online portal supports 
their understanding of the laboratory activity. It seems that this effect is related to the level of interest 
in science, since there are strongest effects on less interested students of class 1, after that on average 
interested students of class 3 and finally no effects concerning the already highly scientific interested 
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students of class 2. This can be traced back to the fact that esp. individual interest, such as interest in 
science is always related to knowledge (see section 4.1). 
11.4.5 Summary 
Data on students’ perceptions indicate that for those who used of the online portal, the activity at the 
out-of-school laboratory is seen as more relevant. Major impact was found for students’ 
comprehension of the laboratory activity, the application of online portal leads to a significant 
increase. More in particular, this effect was slightly stronger for males than for females. In regard of 
students’ belonging to either lower or upper secondary level, differences concerning the 
comprehensibility appeared, too. In the first instance, the online portal promotes understanding for 
students of both levels. However, it was found that this especially applies for upper secondary level 
students. In contrast to that, treatment group students of the lower secondary level perceived the out-
of-school laboratory event as more relevant for them than their control group counterparts. Regarding 
students’ interest classes it was found that perceptions of classes 1 and 3 were affected. Accordingly 
the online portal leads to a higher level of comprehensibility for students of both classes. This most 
significantly applied for students of class 1, who are less scientific interested, than to students of class 
3, who show an average interest in science. 
12. Investigations on the online portal 
In this section an overview is provided in order to characterise the online portal and to display students’ 
perception of it. When interpreting the results it is important to remember the structure of the online 
portal and students’ involvement. As described in section 8.3, the online portal consists of three parts: 
two parts, namely V_Basis and V_Plus, which prepare students before their visit, and one part, N_Expo, 
after the event. Whereas V_Basis was compulsory, the two parts V_Plus and N_Expo were not.  
12.1 Participants 
General statistics regarding students’ participation in the three parts of the online portal were 
calculated. Their results, also distinguished for subgroups, are shown in Table 12-1 and demonstrate 
the preparation, while Table 12-2 accounts for the post enhancement. As a result it turned out that 
more than 96% of the students took part in the online portal preparation. One out of two students just 
performed the obligational part V_Basis. However, 46% of all treatment group students additionally 
dealt with the V_Plus segment. Only a small proportion of 3,5% did not participate in any preparation. 
A closer look at the results, taking into account different subgroups, suggests that differences occur 
regarding students’ gender (χ²(2)=17,62, p<0,001) as well as their belonging to one of the science 
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interest classes (χ²(4)=17,91, p<0,01). Accordingly, male students more often participated in the 
additional V_Plus course than females. Moreover, the students most interested in science in class 2 
showed the highest proportion of V_Plus participants. This proportion differs significantly from those 
of their class 1 (χ²(2)=15,74, p<0,001) and class 3 (χ²(2)=9,29, p<0,01) counterparts.  
  Participation in  
  V_Basis V_Basis & V_Plus No preparation 
total  286 (50,4%) 262 (46,1%) 20 (3,5%) 
gender female 134 (61,2%) 77 (35,2%) 8 (3,7%) 
 male 152 (43,6%) 185 (53,0%) 12 (3,4%) 
level lower secondary 130 (54,6%) 101 (42,4%) 7 (2,9%) 
 upper secondary 156 (47,3%) 161 (48,8%) 13 (3,9%) 
interest class class 1 93 (60,0%) 56 (36,1%) 6 (3,9%) 
 class 2 86 (39,6%) 123 (56,7%) 8 (3,7%) 
 class 3 107 (54,6%) 83 (42,3%) 6 (3,1%) 
Table 12-1. Number of treatment group students participating in the online portal preparation (proportions in brackets). 
  Participation in  
N_Expo 
No post 
enhancement 
total  93 (40,6%) 136 (59,4%) 
gender female 24 (30,0%) 56 (70,0%) 
 male 69 (46,3%) 80 (53,7%) 
level lower secondary 17 (34,0%) 33 (66,0%) 
 upper secondary 76 (42,5%) 103 (57,5%) 
interest class class 1 22 (41,5%) 31 (58,5%) 
 class 2 40 (43,5%) 52 (56,5%) 
 class 3 31 (36,9%) 53 (63,1%) 
Table 12-2. Number of treatment group students' participating in the online portal post enhancement (proportions in 
brackets). 
Statistics on students’ participation in the N_Expo post enhancement course revealed a rather 
different picture. Just four out of ten students took part in the voluntary post enhancement. While no 
significant differences were found regarding students’ level or interest class belonging, disparities 
occurred concerning students’ gender. In that case the proportion of male students who participated 
in the post enhancement was significantly higher than that of their female counterparts (χ²(2)=6,22, 
p<0,05). 
Analysis & Results 
118 
12.2 Reasons for performing in the online portal 
 
 
In order to better understand students’ motivations for participating in the online portal preparation 
and post enhancement, their main motives were queried. Related frequencies are displayed in Figure 
12-1 and Figure 12-2. Their results showed rather similar answers for both the preparation and post 
enhancement part of the online portal. Accordingly students’ major motivation for proceeding the 
online portal was their teachers’ demand. Concerning the compulsory preparation segment, this was 
stated by 7 out of 10 students (71%). However, even for the voluntarily post enhancement almost 
every other participant (49%) stated as such. The second ranked reason was that students’ personal 
wish was to deal with the preparation or post enhancement of the online portal. Less decisive for 
students was the chance to win a voucher and the certificate of attendance. Regarding the post 
Figure 12-1. Reasons for performing the online portal preparation. 
Figure 12-2. Reasons for performing the online portal post enhancement. 
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enhancement, about 14% of the students stated that evoking curiosity due to the visit motivated them 
to take part in the online portal.   
Further analyses were conducted in order to specify students’ motives for participating in the online 
portal. In light of the larger sample size for the pre and post-test, those analyses were exemplary 
performed regarding the online portal preparation. As it turned out, no differences appeared 
concerning students’ gender (χ²(5)= 5,07, n.s.), but instead their belonging to lower or upper secondary 
level (χ²(5)=18,57, p<0,05) and their interest class (χ²(10)=33,04, p<0,001). It has been found that 
students of the upper secondary level compared with those of the lower secondary level were more 
influenced by the demand of their teacher than by their personal motivation when participating in the 
online portal (Table 12-3). Conversely, the opposite was found regarding students who belong to the 
more scientific interested class 2. Members of that class, compared to the two other classes were more 
affected by personal motives in order to perform the online portal and less by motives based on the 
demand of their teacher (see Table 12-4).  
 gender level interest class 
reason for 
participation 
female male lower 
secondary 
upper 
secondary 
class 1 class 2 class 3 
..the teacher has 
demanded it 
163 
(73,8%) 
242 
(69,3%) 
148 
(61,9%) 
257 
(77,6%) 
117 
(75,0%) 
135 
(62,2%) 
153 
(77,7%) 
..because of the 
certificate 
4          
(1,8%) 
26 
(7,4%) 
9  
(3,8%) 
21 
(6,3%)  
4 
(2,6%) 
16 
(7,4%) 
10 
(5,1%) 
..because of the 
voucher 
6  
(2,7%) 
11  
(3,2%) 
7 
(2,9%) 
10 
(3,0%) 
5 
(3,2%) 
7 
(3,2%) 
5 
(2,5%) 
..I personally  
wanted it 
30 
(13,6%) 
46 
(13,2%) 
45 
(18,8%) 
31 
(9,4%) 
15 
(9,6%) 
41 
(18,9%) 
20 
(10,2%) 
..other reason 18  
(8,1%) 
24 
(6,9%) 
30 
(12,6%) 
12 
(3,6%) 
15 
(9,6%) 
18 
(8,3%) 
9 
(4,6%) 
Table 12-3. Distribution of the single reasons for performing the online portal preparation distinguished for subgroups. 
Comparison between   
class 1 and 2 class 1 and 3 class 2 and 3 
χ²(4)=11,50, p<0,05 χ²(4)=4,89, n.s. χ²(4)=12,14, p<0,05 
Table 12-4. Chi-squared test for assessing differences regarding the distribution of reasons for participation in the online 
portal preparation. 
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12.3 Duration  
 
Since the online portal’s preparation was compulsory for all students, it was assessed how the duration 
was perceived and also their will to spend more time. Overall analysis presented in Figure 12-3 shows 
that a majority of the students (68%) consider the amount of time they spent for their preparation as 
reasonable. While, less than 5% consider it was either too long or too short. Further analysis taking 
into account the different subgroups reveals that students’ perceptions are rather similar. 
Consequently comparison of the means did not show significant differences (t tests; gender: 
t(568)=0,87, n.s., level: t(568)=-0,73, n.s., ANOVA; interest classes: F(567,2)=1,21, n.s.). Subgroup 
results are shown in Table 12-5. 
  N Mean Std. Deviation 
total  570 0,51 0,171 
gender female 221 0,52 0,158 
 male 349 0,51 0,178 
level lower secondary 239 0,51 0,168 
 upper secondary 331 0,52 0,173 
interest class class 1 156 0,50 0,170 
 class 2 217 0,52 0,179 
 class 3 197 0,51 0,160 
Table 12-5. Scale means and standard deviations regarding the perceived duration of the online portal preparation 
distinguished for subgroups. 
When analyzing students’ approval to spend more time to prepare, it turned out that 28% of the 
population would even agree to a longer duration of the preparation whereas a majority of 37% 
disagrees. Yet, 35% is uncertain in on this question. The distribution is displayed in Figure 12-4. 
Figure 12-3. Distribution of students' responses in regard of the duration of the 
online portal’s preparation. 
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12.4 Appreciation of the online portal 
           
Whether students considered the online portal supportive, useful or relevant for their work in the out-
of-school laboratory was expressed via the scale of students’ general appreciation of the online portal. 
It was assessed in regards to both preparation and post enhancement segments. Moreover, in order 
to determine differences between students’ expectations and their experiences, students’ 
appreciation of the online portal’s preparation was assessed before and after the out-of-school 
laboratory activity. As it turned out, after proceeding the online portal but before performing their 
activity in the out-of-school laboratory, 54% of all students stated to have a positive appreciation of 
their preparation. After their visit in the out-of-school laboratory, their perception changed 
significantly with a medium to large effect (t(566)=-11,19, r=0,43, p<0,001). More precisely the 
proportion of students who appreciate the portal increases to 73%. In contrast to that, the online 
portal’s post enhancement seems to be less appreciated. In light of that, a proportion of 56% of all 
Figure 12-4. Distribution of students’ agreement to spend more time for 
preparation. 
Figure 12-5. Students' appreciation of the online portal 
preparation before the out-of-school laboratory 
activity and afterwards. 
Figure 12-6. Appreciation of the post 
enhancement part of the online portal. 
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students stated positively. Scale means for all stages of the assessment are shown in Figure 12-5 and 
Figure 12-6. 
Subgroup analyses were conducted in order to get a deeper insight. Therefore students’ appreciation 
of the online portal was analyzed regarding the preparation part the assessment after the activity was 
used. Subgroup results are displayed in Table 12-6. It was found that no significant differences within 
the subgroups appeared for the appreciation of the post enhancement. However, disparities occurred 
for the preparation and for all three subgroups. Accordingly, higher scores compared to their 
counterparts were found for males, students of the upper secondary level and students of the more 
scientifically interested class, number 2. Nevertheless, all differences showed little effect size (see 
Table 12-7).  
  Appreciation of the online portal’s 
  preparation (after the activity) post enhancement 
  N Mean Std. Dev. N Mean Std. Dev. 
total  567 2,49 0,734 228 2,39 0,864 
gender female 219 2,39 0,730 80 2,31 0,901 
 male 348 2,56 0,730 148 2,43 0,843 
level lower secondary 238 2,36 0,812 49 2,44 0,826 
 upper secondary 329 2,59 0,656 179 2,37 0,876 
interest class class 1 155 2,36 0,799 53 2,35 0,865 
 class 2 216 2,63 0,745 91 2,45 0,804 
 class 3 196 2,45 0,640 84 2,34 0,929 
Table 12-6. Overall sample and subgroup descriptive data regarding their appreciation of the online portal’s preparation 
respectively post enhancement. 
 comparison between 
 female  
and male 
lower and 
upper sec. level 
class 1  
and class 2 
class 1  
and class 3 
class 2  
and class 3 
appreciation of 
the preparation 
(after the activity) 
t(565)=-2,62, 
p<0,01, 
r=0,11 
t(442,48)= 
-3,54, p<0,001, 
r=0,17 
t(369)=-3,37, 
p<0,001,  
r=0,17 
t(349)=-1,15, 
n.s. 
t(408,79)=2,7, 
p<0,01,  
r=0,13 
appreciation of 
the post 
enhancement 
t(226)=-1,03, 
n.s. 
t(226)=0,51, 
n.s. 
t(142)=-0,73, 
n.s. 
t(135)=0,06, 
n.s. 
t(173)=0,86, 
n.s. 
Table 12-7. Results of conducted t-tests within the single subgroups. 
Along with that, it was assessed whether students feel supported for their practical work by the online 
portal. Therefore, students were queried directly following their out-of-school laboratory visit. As a 
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result, more than 60% of the students attested to feeling supported, while about 27 % even suggested 
they felt strongly supported. Results of the overall sample and the single subgroups are presented in 
Table 12-8. 
  N Mean Std. Deviation 
total  565 2,40 0,771 
gender female 218 2,26 0,740 
 male 347 2,49 0,777 
level lower secondary 236 2,29 0,730 
 upper secondary 329 2,48 0,790 
interest class class 1 154 2,25 0,724 
 class 2 215 2,58 0,844 
 class 3 196 2,33 0,682 
Table 12-8. Scale statistics regarding the perceived support for the practical work by the online portal preparation 
distinguished for subgroups. 
Again, analyses of the subgroups revealed disparities for all of the groups (see Table 12-9). However, 
these occurred with small effect sizes only. In light of this, and compared to their effects within 
subgroup counterparts, males as well, as upper secondary students and members of interest class 2, 
scored significantly higher for their perceived support for the laboratory work. 
comparison between 
female and male lower and 
 upper sec. level 
class 1  
and class 2 
class 1  
and class 3 
class 2  
and class 3 
t(563)=-3,48, 
p<0,001, r=0,14 
t(563)=-2,92, 
p<0,01,  
r=0,12 
t(355,27)=  
-4,03, p<0,001, 
r=0,21 
t(348)=-1,03, n.s. t(409)=3,31, 
p<0,05,  
r=0,16 
Table 12-9. Results of the t-tests between within the subgroups. For the interest classes Bonferroni corrections were 
applied. 
12.5 Comprehensibility of the online portal content 
The analysis of the online portal’s comprehensibility revealed that students perceived the online 
portal’s preparation more understandable than its post enhancement (see Figure 12-7). Nevertheless, 
75% of the students claimed that the post enhancement was clear to them. Regarding the preparation, 
this view was shared by even more than 85% of all participants.   
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Subgroup analyses revealed a divided portrait regarding the content comprehensibility of the online 
portal (scale results are displayed in Table 12-10). Disparities solely occurred concerning the 
preparation segment. In this case, all subgroups were affected. Results revealed minor differences 
regarding gender and students’ level and differences with medium effect sizes with respect to 
students’ interest class (see Table 12-11). In this light, it was found that males as well as upper 
secondary level students scored significantly higher than their subgroup counterparts. The same 
applied for interest class 1 participants and their counterparts of classes 2 and 3 In this case, the largest 
effect sizes were found.  
  Comprehensibility of the online portal’s content 
  regarding the preparation regarding the post enhancement 
  N Mean Std. Dev. N Mean Std. Dev. 
total  569 2,74 0,616 96 2,65 0,672 
gender female 221 2,60 0,606 24 2,68 0,556 
 male 348 2,83 0,605 72 2,64 0,709 
level lower secondary 239 2,65 0,630 18 2,28 0,841 
 upper secondary 330 2,81 0,598 78 2,73 0,601 
interest class class 1 156 2,49 0,636 23 2,36 0,746 
 class 2 216 3,06 0,566 41 2,83 0,641 
 class 3 197 2,59 0,494 32 2,62 0,591 
Table 12-10. Overall sample and subgroup descriptive data regarding their content comprehensibility of the online portal’s 
preparation respectively post enhancement. 
 
Figure 12-7. Students' perception regarding the 
comprehensibility of the online portal content. Results are 
distinguished for preparation and post enhancement. 
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 comparison between 
 female  
and male 
lower and 
upper sec. level 
class 1  
and class 2 
class 1  
and class 3 
class 2  
and class 3 
Online portal 
preparation 
t(567)=-4,56, 
p<0,001, 
r=0,19 
t(567)=-3,07, 
p<0,01,  
r=0,13 
t(370)=-9,17, 
p<0,001, 
r=0,43 
t(286,57)= 
-1,74, n.s. 
t(410,21)=8,95, 
p<0,001, 
r=0,40 
Online portal post 
enhancement 
U=846,5,  
Z=-0,149, n.s. 
U=468,5,  
Z=-2,209, n.s. 
U=390,  
Z=-2,295, n.s. 
U=290,5,  
Z=-1,333, n.s. 
t(71)=1,44,  
n.s. 
Table 12-11. Results of conducted t-tests respectively Mann-Whitney test within the single subgroups. 
12.6 Summary 
The investigation of the online portal revealed that almost all the students performed the preparation. 
Conversely, less than half of the students participated in the voluntarily post enhancement. When 
tracing back the reasons for attending the online portal, the majority stated teachers’ demand. 
Incentives such as a certificate or a voucher were regarded as less catching. Consequently, it is assumed 
that; first, a mandatory nature is beneficial to reach a large number of participants and, second, in light 
of subgroup analyses, a voluntarily nature of a scientific online portal mainly attracts scientific 
interested students, respectively males. Assessments on the portal’s perception by the students 
revealed a high degree of willingness to spend the time required on the one hand and a common 
appreciation of the online portal for their laboratory work which is accompanied by a feeling of support 
to a majority of the students. As it turned out, the portal’s content was perceived as understandable 
by a large majority of participants. That was, predictably, even more pronounced for highly scientific 
interested students of interest class 2. 
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V. DISCUSSION & SUMMARY 
13. Discussion 
Findings of this work contribute to educational research on out-of-school laboratory places. In 
accordance with previous studies in this field, the main focus is on students’ development of interest. 
The reason therefore is interest’s prominent role in regard of learning processes, educational outcome 
and achievement but also referring to academic choices and future career. Consequently, to 
successfully promote students’ interest is considered as the major criteria of out-of-school 
laboratories. A number of studies already showed the laboratories’ positive effects on students’ 
interest. That is why this research is committed to provide an opportunity to further develop out-of-
laboratories in order to enhance their effect on young people. A promising solution therefor is the 
implementation of a preparation and post enhancement regarding the out-of-school laboratory 
activity. In doing so, this study pursues two objectives. First, to determine the impact caused by 
preparation and post enhancement and second to provide a beneficial tool for the laboratories. This 
also contributes to other out-of-school learning environments.  
So far, investigations on the impact of a pre and post work related to out-of-school laboratories haven’t 
been in focus of research. Current findings were just meaningful under certain conditions or had 
varying limitations. Consequently, this study was conducted in order to deal in detail with the issue of 
an out-of-school laboratory activity that was integrated in a previous preparation and a following post 
enhancement. That was realized by an online portal. Based on educational psychological concepts this 
led to the following questions:  
1. Does the online portal foster the out-of-school laboratory activity in order to establish a higher 
situational interest? 
2. Does the online portal enhance students’ related self-concept? 
3. Are the three dispositional values interest in science and experimentation as well as interest 
in a career in science affected by the online portal? 
4. Is students’ perception of the laboratory’s features influenced by the online portal? 
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The empirical implementation followed a pre, post, follow-up approach. In this respect surveys were 
carried out at the beginning of the activity at the out-of-school laboratory, at the end and six to eight 
weeks after. In order to assess the online portal’s impact, participants were divided into a treatment 
group which performed their work at the out-of-school laboratory along with using the online portal 
and a control group which just attended the laboratory without any special preparation or post 
enhancement. Further subgroups were formed according to respondents’ gender and their school 
level. 
13.1 Discussion on the first hypothesis – impact on situational interest 
Based on the first hypothesis, it was assumed that the online portal promotes students’ situational 
interest and in doing so establishes a higher situational interest, which is sustainable. Therefore 
students’ situational interest was assessed immediately after the out-of-school laboratory activity and 
six to eight weeks later. The situational interest was further distinguished into its three components, 
namely feeling-related component, value-related component and intrinsic component. 
Findings of this study reveal, that based on the experiences in the out-of-school laboratory, students 
generally achieve rather high levels of feeling-related as well as value-related situational interest. 
When it comes to the intrinsic component, which expresses students’ desire to deal with a scientific 
issue, ranks are comparatively low on an intermediate level. This can likely be traced back to physic’s 
generally meager popularity e.g. taking into account that it is regarded as less interesting field among 
school science subjects (OECD, 2007) and is comparable to a previous study by Pawek (2009).  
The comparison between students who used the online portal and those who did not confirmed the 
portal’s ability to significantly increase students’ situational interest. This applied to each of its three 
components. Under consideration of the psychological theory of interest (see sections 4.1.4 and 4.1.5), 
this forms the basis for a more sustainable development of interests. More particularly, positive effects 
on students’ situational interest applied most significantly to their feeling related component, which 
includes a person’s level of attraction and self-perception regarding expertise or competence. This 
seems reasonable given that the online portal’s objective was to create previous knowledge, too. 
However, the feeling-related component and, with minor significance and intensity, the value-related 
component finally diminish on control group level. Declines over time, which just appeared for the 
treatment group, seem to indicate, the effect of the online portal respectively its preparation on the 
one side, and on the other side shows the marginal influence of the post enhancement. Furthermore, 
this might be explained since situational interest’s feeling-related component is more related to the 
practical experiences in the laboratory than the pure scientific content. Pawek (2009) who also found 
most significant decreases for this component of situational interest traced it back to students’ fading 
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memory of the out-of-school activity. A general tendency of declining situational interest over time 
was reported by Engeln (2004) and Glowinski (2007). Nevertheless, in contrast to results by Engeln 
(2004) and Pawek (2009), a decrease of the intrinsic component could not be confirmed for both, 
control group and treatment group of this study.  
In contrast to findings of Engeln and Euler (2004), Engeln (2004), and Glowinski (2007), gender analyses 
results show a general gap between female and male participants concerning their intrinsic situational 
interest. The same applied in Pawek’s study. Even though the online portal promoted both genders, 
the gap remained with the same intensity. Despite that, results show a slightly better promotion for 
females on the short term. More in particular, females participating in the online portal’s preparation, 
perceived the laboratory content more relevant to them. Especially for physics which usually holds 
little relevance for females (cf. Hardy, 2014), this is highly meaningful. Nevertheless, changes over time 
suggest that emerged situational interest based on the online portal more likely deceased for females 
as a result of small and marginally significant gender disparities in the feeling-related and value-related 
situational interest. Therefore, it is assumed regarding students’ situational interest, that the online 
portal promotes females rather short-term whereas males less intense but more retained. In contrast 
to former studies on out-of-school laboratory outcomes (cf. Guderian, 2007; Pawek, 2009), disparities 
regarding students’ level could not be confirmed. Moreover, the online portal equally affects students’ 
situational interest regardless of their school level. Taking into account interest class subgroups, it was 
found that all of them were supported when using the online portal. This applies, above all, to class 1 
members who are less interested in science. Accordingly, all three components of situational 
interested were positively affected for members of that class. However, strong effects also appeared 
for students strongly interested in science of class 2 regarding their feeling-related component. Over 
time, all classes’ situational interest components diminished to the control group level, too. 
Consequently, decreases most significantly occur for less and most scientific students. For that reason, 
results indicate the portal’s particular impact on the latter two interest classes, which provides the 
opportunity to not only promote students with less scientific interest but also their counterparts with 
the highest interest. Effects on the two opposing classes, furthermore may demonstrate the portal’s 
appropriateness in regard of its technical content and competence level.  
Regarding the hypothesis, it therefore can be stated that the online portal leads to a significant 
increase of the situational interest outcome right after the activity. A sustainable effect could not be 
confirmed which leads to the assumption of a negligible impact caused by the online portal’s post 
enhancement. Consequently, the hypothesis, that the online portal promotes students’ situational 
interest and that occurring effects are long-lasting, is only partly supported. 
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13.2 Discussion on the second hypothesis – impact on self-concept 
The second hypothesis is about the online portal’s impact on students’ self-concept. It is supposed that 
in comparison to the control group, the online portal’s preparation and post enhancement lead to a 
higher self-concept level before and after the out-of-school laboratory activity, but also for the long 
term. In doing so, students’ self-concept was explored throughout the whole research.   
Contrary to findings by Pawek (2009) and Weßnig (2013), a general, significant effect of the out-of-
school laboratory activity on students’ self-concept could not be confirmed, for control group results 
remained unchanged over time. However, when accompanying the activity with the online portal, 
significantly higher self-concept levels were established from the beginning. In other words, students 
who used the online portal for their preparation perceived themselves as competent concerning 
scientific contents. Taking into account that students’ self-concept is characterized by cognitive and 
affective valences (see section 4.1.2), the online portal’s impact is likely traced back to learning 
processes taking place in the online portal’s preparation and especially its obligational part. However, 
even though students’ self-concept diminishes over time, it was found that values of participants, who 
used the online portal’s post enhancement, still remained significantly higher compared to control 
group levels. Since the effect solely applied to students who, along with the online portal’s preparation, 
additionally used its post enhancement, the effect is assumedly caused by the post enhancement part. 
Taking into account rather small increases (Pawek, 2009) or even declining tendencies regarding the 
self-concept development (Brandt, 2005; Guderian & Priemer, 2008), general online portal effects 
seem promising. In accordance to studies on students’ self-concept in school and in particular in 
physics (Häussler & Hoffmann, 2002; Hoffmann, 2002), a remarkable gender gap was identified, 
showing lower self-concept for females in all stages of the assessments. This also applied for out-of-
school laboratories’ outcomes (Euler, 2010; Pawek, 2009; Weßnig, 2013). It was found in this research 
that students of both genders, proceeding the online portal achieved higher self-concept levels than 
their control group counterparts, but the differences were just significant for males. As a result, gender 
disparity was even stronger for students who used the online portal. Thus, on first glance, the online 
portal seems to exclusively support male students. However, a distorted perception is more likely to 
be the major reason for females’ low self-concept. For educational studies revealed females’ 
considerable underrating of their own competence especially when it comes to sciences (see review 
by Daniels, 2008; Hoffmann, 2002). Furthermore, even though both genders do perform equally, the 
gender gap on students’ self-concept remains (see section 4.2.3). It is therefore assumed that the 
online portal’s effect on female students is probably suppressed by their gender-related implications. 
In conclusion, the online portal leads to males’ higher perception of their own competencies. 
Regarding females it cannot be ruled out that the portal has an impact. In light of analyses concerning 
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students’ level, it was found that the online portal promotes lower as well as upper secondary level 
students significantly, for their self-concept values were significantly higher than those of control 
group students. More particularly, this effect was more sustainable for students of the upper 
secondary level. Besides that, students belonging to the upper secondary level achieved significantly 
higher self-concept values compared to lower secondary level students also using the portal. Even 
though a generally different state of knowledge might suggest such a gap between the two levels, this 
could not be confirmed, as no differences occurred for control group students. In conclusion, the online 
portal produced more pronounced effects for upper secondary level students. Results regarding the 
two levels appreciation and comprehensibility of the portal (see sections 12.4 and 12.5) support the 
assumption that the online portal better fits for students of the upper secondary level. Based on 
analyses on the different interest classes, a rank order turned out based on the different science 
interest classes. Accordingly highly interested students of class 2 achieved the highest self-concepts, 
followed by average interested students of class 3. Lowest self-concepts were found for class 1 
students, having the smallest interest in science. Differences between the classes showed medium to 
very strong effect sizes and remained over time. Since interest in physics and the scientific self-concept 
correlate, those results were not surprising and were also confirmed in Pawek’s study on out-of-school 
laboratories. However, it was found that the online portal or more precisely its preparation 
significantly affected students with the most marginal interest in science on the one hand, but also 
those with high interest in science. 
In conclusion, and similar to findings on the first hypothesis, a rather divided picture was revealed 
regarding the online portal’s effects on students’ self-concept. Again, the significance of the online 
portal’s preparation could be confirmed. Moreover, a slightly positive effect regarding the values 
retention based on the portal’s post enhancement was indicated. Consequently, the hypothesis is 
generally supported. 
13.3 Discussion on the third hypothesis – impact on individual interests 
By investigating the third hypothesis, it should be determined whether the online portal is able to 
affect valences of students’ individual interest. Therefore, interest in science, in experimentation and 
in a career in physics was assessed. It was assumed, that the online portal has no impact on the three 
scales. To conduct the analyses, data on students’ interest in science and experimentation was 
collected for pre-test and follow-up, as well as information regarding students’ interest in a career in 
physics for all three stages of the research.   
As it turned out, prior to the out-of-school activity, students who used the online portal achieved a 
slightly higher interest in science and experimentation compared to control group students. Results on 
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the online portal’s post enhancement seem to indicate its positive impact on the outcome’s retention. 
In contrast, treatment group students showed a significantly higher interest in a career in physics which 
even remained over time. Accordingly, for students who also performed the post enhancement it was 
found that both, interest in science and in a career in physics, remained significantly higher than for 
control group students. In contrast to that, for non-post enhanced treatment group members, 
significant differences in comparison with control group students solely applied regarding students’ 
interest in a career in physics and with lower intensity.  
In light of the interrelation between situational and individual interest (see section 4.1.3) on the one 
hand and the portal’s significant and temporary effects upon all three situational interest scales on the 
other, it is assumed that occurring little effects on the individual interest scales are likely an indication 
of the online portal’s preparation. Since students’ self-concept is a predictor for career choices (Corey 
& Corey, 2013; Eliason & Patrick, 2008; Gottfredson, 1985), it is assumed that the online portal’s effects 
regarding students’ interest in a career in physics can be traced back to the portal’s positive impact on 
students’ self-concept. Previous studies showed the out-of-school laboratories general ability to 
promote vocational orientation (Brandt, 2005; Weßnig, 2013), whereas no impact on students’ 
individual interest in science and experimentation (Pawek, 2009). Taking theoretical considerations 
into account, attributing individual interest to be long-lasting and difficult to modify, it is 
understandable that occurring effects were rather small and indicatively.  
Investigations on gender revealed generally lower female results for students’ interest in science and 
a career in physics. It turned out that treatment and control groups’ gender disparities were similar for 
students’ interest in a career in physics whereas regarding interest in science, the gender gap was 
slightly larger for the treatment group participants. Moreover, a further disparity, not occurring for 
control group, was found regarding treatment group’s interest in experimentation. Consequently, the 
portal’s impact seems to be more prominent for males than females since there is a tendency to slightly 
magnify differences. Despite that, the occurrence of gender disparities corresponds with general 
theoretical considerations because of a general tendency of females to be less interested in science, 
and especially in physics (Gardner, 1998), which seems to have an impact on the individual interest 
scales (see also section 4.1.6). More in particular, as a consequence of the interrelation between self-
concept and interest in physics, it is comprehensible that the huge gap between males’ and females’ 
self-concept leads to a comparable gap concerning their interest in science. Therefore, increase in 
gender differences for treatment group could be associated with also online portal caused higher self-
concepts, especially since they also showed significant differences between the two genders. However, 
other studies of out-of-school laboratories also reported remarkable gender differences when it came 
to interest in science as well as the interest in experimentation (Pawek, 2009) but also students’ 
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vocational orientation (Weßnig, 2013). Assumptions about the online portal’s effects and their more 
prominent impact on males seem to be supported since male students who used the online portal 
showed significantly higher values for all three individual interest scales, whereas this applied just for 
females’ interest in a career in physics. Even though effects are small, they are still important when 
considering students’ generally meager interest in science and physics in particular on the one hand 
(Euler, 2004) and on the other hand, when it comes to females, their even lower interest in physics 
(Euler, 2004) and their under‐representation in the field of science (Hill, Corbett, & St. Rose, 2010). 
Comparing students of lower and upper secondary level revealed rather similar differences within the 
group with and without usage of the online portal. Accordingly, upper secondary level students 
showed slightly more interest in science and, to a bit larger extent, regarding a career in physics. This 
gap, based on students’ level concerning their interest in science was also found by Pawek. He, in 
contrast to this study, detected differences for students’ interest in experimentation as well. It turned 
out, the online portal temporarily promotes interest in science and a career in science for students of 
both levels, as well as lower secondary level students’ interest in experimentation. Even though 
occurring effects were small, they indicated that the online portal promotes upper secondary level 
students’ individual interests slightly better. Results on students belonging to the three interest 
classes, revealed just a temporary impact caused by the online portal for less science interested 
students of class 1. Accordingly, their interest in obtaining a future career in physics was significantly 
higher than for their control group counterpart. Similar results were also found by Weßnik who also 
revealed the out-of-school laboratories ability to affect the vocational orientation of little science 
interested students. 
Results concerning the third hypothesis showed slight impacts on the three individual interest scales, 
namely interest in science, experimentation, and in a career in physics. Moreover, data again indicated 
effects caused by the online portal’s post enhancement which led to more retention of the values. In 
light of the hypothesis which assumed no occurring effects, the hypothesis cannot be confirmed since 
small and lasting effects were found. 
13.4 Discussion on the fourth hypothesis – impact on laboratory features 
Fourth and final hypothesis is regarding students’ perception of the out-of-school laboratory 
environment and how it might be affected by the online portal. Therefore six laboratory features were 
implemented, namely: challenge, comprehensibility, openness, support, relevance and involvement. 
Regarding the hypothesis, it was assumed that the online portal has an impact on students’ perception 
of the out-of-school laboratory and its features. Therefore data was assessed right after the laboratory 
activity, in the post-test.  
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Findings on the out-of-school laboratory features revealed that students who participated into the 
online portal perceived the activity as significantly more comprehensible and relevant for them. Along 
with the already detected increase of students’ self-concept due to the online portal, the increase 
regarding students’ perception of the activity’s comprehensibility obviously reveals the portal’s 
success at providing the knowledge needed for the laboratory work. Therefore, in accordance with 
self-determination theory, it can be assumed that the increase in students’ understanding also refers 
to a better fulfillment of their psychological needs. Accordingly, the online portal seems to meet 
students’ basic need of competence and thus supports interest development (see section 4.1.4). 
Moreover, increased relevance is likely associated with high interest outcomes caused by the online 
portal. That is because relevance, based on considerations by Stuckey et al. (2013), can be traced back 
to a fulfillment of their personal needs and interests. In light of previous studies conducted on out-of-
school laboratories, it turned out that particularly comprehensibility has a distinctive correlation with 
students’ situational interest (Engeln, 2004; Glowinski, 2007). This was also confirmed by Pawek 
(2009). He additionally stressed that comprehensibility furthermore showed most significant 
correlations regarding students’ interest in science, experimentation and the subject of physics as well 
as their self-concept. Moreover, in his study he suggested that students’ perceived relevance of the 
out-of-school laboratory activity has an impact on their situational interest. Hence, the online portal 
succeeds to foster most important features of the out-of-school laboratory environment. 
Gender analyses revealed, the online portal promotes both genders’ understanding of the laboratory 
work. However results tend to be slightly better for males. This again might be traced back to females’ 
underrating of their own performance (see review by Hoffmann, 2002). Also Pawek (2009) as well as 
Engeln and Euler (2004) reported similar gender-biased perceptions when it comes to the 
comprehensibility of the activity at the out-of-school laboratory. 
What is more, taking into account students’ levels, the online portal promotes students’ perception 
concerning the out-of-school laboratory’s comprehensibility regardless of grade level. But occurring 
effects differ. As it turned out, in comparison with their control group counterparts, treatment group 
members of upper secondary level scored significantly higher with a stronger effect than lower 
secondary level students. Since, in contrast to Pawek’s findings, control group students of both levels 
perceive the out-of-school activity same comprehensible, it is assumed that the portal foremost 
promotes upper secondary levels regarding that feature. This appears plausible since a similar disparity 
caused by the portal was also detected for lower and upper secondary level students’ self-concept. 
Conversely, students of the lower level who performed the online portal perceived the out-of-school 
laboratory event as more relevant for them. This is supported by the fact that control group 
differences, occurring between lower and upper secondary level, and which were also detected by 
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Pawek, could not be confirmed for students who used the online portal. In light of many students’ 
perception of science as being irrelevant (see section 1) which especially applies for students of the 
secondary level (Stuckey et al., 2013), the online portal provides an opportunity to change that image.  
Considering students’ interest background when it comes to science, it was revealed that due to the 
online portal, both little and average interested students’ understanding of the out-of-school 
laboratory activity increased significantly. In particular, less science interested students benefited most 
from the online portal. As other related studies showed, especially for those, little science interested, 
students, comprehensibility is the most important laboratory feature (Engeln, 2004; Glowinski, 2007). 
Above all, comprehensibility seems to have had highest correlations with students’ situational interest 
(Glowinski, 2007). It is assumed, that highly interested students were not significantly affected due to 
their already high perceptions regarding the activities understandability which might also indicate a 
ceiling effect. Accordingly, differences between highly science interested students and the two other 
classes regarding the comprehensibility perception differs highly significant with medium intensity. 
Therefore, in regard of the fourth hypothesis it was found that the online portal has the chance to 
significantly and positively change students’ perceptions regarding the out-of-school laboratory 
environment. For this reason, the claim of the hypothesis can be fully supported. 
14. Summary  
The key goal of the present study was to examine the impact of a preparation and post enhancement 
via an online portal on the activity of an out-of-school laboratory. On the one hand, in doing so this 
research contributes to the knowledge regarding the effectiveness of such, and similar, 
establishments, and on the other hand, provides evidence, regarding previously expressed 
assumptions, on the influence of pre and post work on science, and more particular, physics laboratory 
learning activities. More specifically students' performance in a one day visit in a learning center was 
assessed. A comparative study was conducted between treatment group namely students who used 
the online portal and control group members consisting of regular students who performed their 
experimental in the center without additional pre visit preparation or post enhancement. The 
evaluation follows a pre, post, and follow-up approach. Taking into account previous studies in that 
field and related educational psychological concepts, students were assessed for their situational 
interest, interest in science, experimentation and a career in physics as well as their perception of the 
out-of-school laboratory learning environment. In order to reveal patterns among the participants, 
subgroup analyses were conducted, too. Along with comparisons based on students’ gender and level, 
also three interest classes were identified.   
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Results of the empirical study confirm a positive impact influenced by the online portal. More 
specifically, the online portal, as a tool for preparation and post enhancement of students regarding 
of their out-of-school laboratory activity, promotes students’ situational interest in all the three 
components. This also applies for related features, namely students’ self-concept. As well as to a 
smaller extent for their individual interest, such as interest in science, experimentation and a career in 
physics. However, most of the occurring effects diminish on control group levels over time, and were 
no longer significant. In addition, indications were found revealing the post enhancement’s ability to 
promote more retention. Moreover, students who used the online portal perceived the out-of-school 
laboratory work as more understandable and relevant to them. In light of the general results, a rather 
complex picture of the online portal is presented (summarized in Figure 14-1). On the one hand there 
is clear evidence for a positive impact influenced by the online portal’s preparation and on the other 
hand indications are given which show possible effects caused by the post enhancement. 
Analyses, taking into account different subgroup results, revealed further patterns. Accordingly, the 
online portal better supported the emerging situational interest of females. However, stronger effects 
occurred for males’ self-concept, interest in science and experimentation, as well as their perception 
of the classroom laboratory works comprehensibility. More specifically, the latter effects, which 
showed more prominent effects on males, have to be interpreted carefully as the may be based on 
general sex-related distortions. In that light, it is conceivable, that possible effects on females are 
partially suppressed for the above mentioned reasons. Biases were also found concerning participants’ 
level at school. It turned out that especially younger students of the lower secondary level, performing 
the online portal, showed higher interests in experimentation and considered the laboratory activity 
more relevant. Their upper level counterparts, in contrast, developed higher self-concepts and 
Note. Greenish arrows indicate effects of the online portal preparation, bluish arrows show suggested effects caused by 
the online portal post enhancement. 
Figure 14-1. Graphical representation on the online portal’s impact on the out-school laboratory activity. 
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consequently regarded their activity in the out-of-school laboratory as more comprehensible. Since 
the major objective of the laboratory places is to promote students’ interests, a classification based on 
their personal interest was conducted. Accordingly, students with low levels of science interest were 
most strongly affected by the online portal. It turned out that those students’ situational and individual 
interests, their self-concept, and also for their perceptions of the laboratory activity benefitted most. 
But the online portal even promoted the highest science interested class when it comes to their 
situational interest and self-concepts. Finally, based on our study, it is suggested that students who 
are medium interested in science, seem less influenced since they showed the smallest effects on their 
situational interest and perception of the out-of-school laboratory’s comprehensibility. Regarding the 
portal itself, it turned out that almost all treatment group students (97%) took part in the online portal 
preparation which was compulsory. Almost half of them even performed an additional, voluntary 
preparation part of the portal. Moreover, even though after the activity was not compulsory, the 
online portal’s post enhancement was still performed by roughly 40% of all treatment group students. 
It turned out, students appreciated the portal and perceived it understandable.  
15. Limitations of the study 
Although the research mainly met its objectives, certain limitations occurred. First, the final 
assessment of that study took place six to eight weeks after the out-of-school activity and was 
conducted at school. It turned out that due to school holidays, examinations, and students who left 
class or school, the overall sample size declined for the final assessment. Moreover, in very few cases 
teachers failed, even though reminded, to administer the questionnaire or even refused to do so. 
Despite the fact that some likely limitations, e.g. overlaps with school holidays due to fixed dates in 
the laboratory, have been considered in advance, the number of students who did not participate in 
the follow-up test was relatively high. It is therefore recommended to, if possible, guide the final 
assessment at school and arrange fixed dates for the final assessment right from the beginning. A 
further consequence of that smaller sample size especially affects results of subgroup analyses. 
Accordingly, participants have to be further subdivided which makes analyses more difficult and less 
significant. Second, in order to assess changes in regard of the out-of-school laboratory’s outcome, a 
pre, post, follow-up design was chosen. Consequently, students were queried first, right before their 
laboratory activity starts. Even though control and treatment group samples were large and 
comparable, it is suggested to explicitly assess students’ preconditions before starting their 
preparation. As a result, in this study comparisons between control and treatment group samples were 
conducted as well as subgroup analyses regarding students’ gender, level and science interest class. 
As a consequence a greater comparability was enabled. A third limiting feature has to do with the 
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online portal’s post enhancement. In contrast to the preparation part, the post enhancement was not 
compulsory. Despite the fact that a large proportion of about 40% of the students were involved in the 
post enhancement, it is assumed that this voluntary nature might attract students differently and thus 
creates partial distortions concerning the post-enhanced sample. Nevertheless, comparisons between 
the samples were conducted in order to prevent biases.  
Regularly identified limitations concerning the out-of-school activity’s outcome in general are likely to 
occur due to the fact that events are lasting one day only. Accordingly and in coherence with other 
studies, the out-of-school laboratory solely causes effects which are rather small. In those cases, it is 
therefore assumed that even high and significant impacts caused by the online portal in this research 
will still be hard to detect. However, it is necessary to say that even those small effects are of high 
importance. Pawek in his study stated correctly that one cannot expect something from a one-day 
activity which school cannot achieve over years. Further limitations of that study are based on the 
design of the questionnaire, taking into account theory on interest, it was assumed that individual 
interests such as interest in science and experimentation are rather stable. Consequently, those 
concepts were just assessed for pre-test and the follow-up. As it turned out effects, caused by the 
online portal occurred. Thus, likely short-term effects could not be detected. 
16. Implications and recommendations 
16.1 Implications and recommendations for practitioners 
The research which has been done offered the following recommendations for of out-of-school 
laboratory activities and related fields.  
1) Based on the empirical findings of this research, it turned out that the online portal’s 
preparation effected all assessed educational psychological concepts positively. Consequently, 
students’ preparation of out-of-school laboratory activities is highly recommended. More in 
particular, emphasis shall be put on the promotion of students’ prior knowledge since it was 
the objective of the compulsory preparation part. 
2) Even though, compared with the preparation part, effects or the post enhancement appeared 
minor pronounced, there is some evidence that the online portal’s post enhancement also 
positively affects out-of-school laboratories’ outcomes. Therefore a meaningful laboratory 
activity, along with a preparation, needs a post enhancement, too. 
3) A large proportion of students is willing to perform a preparation or post enhancement for 
their out-of-school activity. However, a huge gap occurs regarding the number of attendees of 
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the online portal’s preparation, which was compulsory, and its post enhancement, which was 
voluntarily. As a result, a proper preparation and post enhancement of laboratory activities by 
students need to be compulsory. 
4) Almost all students, participating as treatment group students, used the online portal. In other 
words, the internet-based online portal, as a tool, was highly effective. Data revealed the ease 
of access for students, as well as its manageable for their respective teachers. In addition, the 
online preparation and post enhancement of the out-of-school laboratory gives a chance to 
meet many critics (see review by Di Fuccia et al., 2012). Accordingly, its implementation gives 
a chance a) to extend the time spent on the laboratory issue, b) to offer precisely aligned 
content related to the laboratory context and c) to be easily applicable, as it is independent 
from the present lesson content and therefore is applicable at any time. Thus, providing 
preparation and post enhancement via an online portal is highly recommended. 
5) Taking into account subgroup analyses, it was demonstrated that the online portal’s impact 
depends on students’ individual interest. More particularly, it was demonstrated that the 
online portal most prominently promotes students who belong to the class with less interest 
in science. Therefore, the online portal’s content shall be adapted to students’ different 
individual interests. 
16.2 Implications and recommendations for further research 
Investigations of this study highlighted a number of considerations for further research. 
1) In light of the online portal’s ability to affect all assessed major concepts, namely students’ 
situational interest, their individual interest, their self-concept as well as their perception of 
the laboratory activity, it is very reasonable to better understand interactions between the 
preparation and the educational psychological concepts. Future studies might, for example, 
determine distinctive features which correlate with desired objectives leading to an optimum 
preparation. 
2) Considerations of the previous section also apply for the out-of-school laboratory’s post 
enhancement. However, in the first instance more research about the impact of a post 
enhancement in general is needed in order to support suggestions found in this research.  
3) This study’s results revealed, the online portal supports the development of students’ 
situational interest and, to some extent, even promotes its transfer into more sophisticated 
types of interest. It is recommended to use a more differentiated concept of interest such as 
the multistage approach by Hidi & Renninger (2006) (see also sections 4.1.4 and 4.1.5). Such 
an approach would enable to better characterize and understand the transition process from 
first appearing to more sophisticated interest.  
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4) It turned out that students’ perception of the out-of-school activity was affected by its 
preparation. In this study six features were used which have been used in two former studies 
in Germany. A more elaborate characterization of the laboratory is provided by the so called 
Science Laboratory Environment Inventory (SLEI). This scale was already used in a number of 
studies conducted in Israel (e.g. Hofstein et al., 2001) and was developed by Fraser, McRobbie, 
and Giddings (1993) in order to assess students' perception of the science classroom 
laboratory learning environment. Consequently, further studies should take into account SLEI 
as an instrument to determine students’ perception of the laboratory environment. 
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VI. APPENDIX 
A1. Scale analysis 
A1.1 Pre-test 
A1.1.1 Self-concept 
 Summary for scale: 
 Mean=2,47  S.D.=1,00  Valid n=832 
 Cronbach's α = 0,87 
            
Item Mean if 
deleted 
S.D. if  
deleted 
Item  
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I would be interested in 
natural sciences, if they 
wouldn’t be that 
complicated. 
2,48 0,72 0,59 0,57 0,86 
Although I try, natural 
sciences are difficult for me. 
2,44 1,89 0,66 0,75 0,84 
To learn natural science 
issues is easy for me. 
2,48 1,92 0,59 0,73 0,84 
I have got no talents related 
to natural sciences. 
2,43 1,87 0,69 0,76 0,84 
For some aspects in natural 
sciences, I already know 
from the very beginning: “I 
will never get this”. 
2,44 1,89 0,67 0,65 0,85 
Through experiments, I can 
understand complicated 
science issues. 
2,48 2,06 0,59 0,34 0,88 
I am talented in natural 
sciences. 
2,49 1,88 0,57 0,75 0,84 
I am good in performing 
experiments. 
2,49 2,04 0,58 0,42 0,87 
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A1.1.2 Interest in science 
 Summary for scale: 
 Mean=2,36  S.D.=1,03  Valid n=841 
 Cronbach's α = 0,87 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I really do enjoy natural 
sciences. 
2,35 0,77 0,61 0,72 0,84 
When there are broadcasts 
about natural science on TV, 
I always switch the channel 
or turn it off. 
2,31 1,95 0,67 0,55 0,86 
To me, natural sciences are 
part of the important things 
of life. 
2,40 1,87 0,53 0,68 0,85 
I don’t like to have 
conversations about issues 
related to natural sciences. 
2,35 1,90 0,61 0,64 0,85 
To me, it is important to 
deal with natural scientific 
questions. 
2,37 1,90 0,57 0,70 0,84 
Texts/ articles dealing with 
natural sciences are not 
interesting to me. 
2,31 1,92 0,67 0,61 0,86 
During my leisure time, I am 
thinking about science 
phenomena. 
2,44 1,91 0,47 0,62 0,85 
 
A1.1.3 Interest in experimentation 
 Summary for scale: 
 Mean=2,25  S.D.=0,98  Valid n=854 
 Cronbach's α = 0,77 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
While I am doing 
experiments, I do not notice 
how the time goes by. 
2,24 0,84 0,57 0,58 0,72 
For doing experiments, I am 
happy to spend some of my 
leisure time for it. 
2,50 1,21 0,44 0,59 0,70 
I really do enjoy to do 
experiments. 
2,01 1,24 0,68 0,65 0,65 
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A1.1.4 Interest in a career in physics 
 Summary for scale: 
 Mean=1,90  S.D.=1,33  Valid n=849 
 Cronbach's α = 0,91 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I am interested in working in 
a job which is related to 
physics. 
1,98 1,22 0,44 0,88 0,83 
I am interested in studying a 
subject at university or 
college, which is related to 
physics. 
2,02 1,71 0,41 0,88 0,83 
I am interested in working in 
a job related to natural 
sciences. 
1,70 1,89 0,58 0,72 0,95 
 
A1.1.5 Appreciation of the online portal (preparation) 
 Summary for scale: 
 Mean=2,08  S.D.=0,90  Valid n=565 
 Cronbach's α = 0,79 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α if 
deleted 
I used the online 
preparation carefully. 
2,07 0,63 0,54 0,56 0,75 
To me, the preparation 
seemed meaningful. 
2,02 1,42 0,60 0,57 0,75 
The preparation was fun. 2,13 1,40 0,47 0,63 0,73 
The preparation made me 
curious about the visit in the 
lab. 
2,06 1,40 0,55 0,60 0,74 
I feel well prepared for the 
laboratory visit. 
2,06 1,45 0,55 0,50 0,76 
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A1.1.6 Comprehensibility of the online portal content (preparation) 
 Summary for scale: 
 Mean=2,75  S.D.=0,84  Valid n=558 
 Cronbach's α = 0,86 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α if 
deleted 
The lesson V_Basis of the 
Online Portal had a lot of 
issues that I knew from 
school. 
2,71 0,63 0,75 0,57 0,84 
I always had enough 
previous knowledge to 
understand the content and 
the tasks of V_Basis. 
2,76 1,48 0,66 0,72 0,82 
I always had enough 
previous knowledge to 
understand the content and 
the tasks of V_Basis. 
2,77 1,48 0,65 0,74 0,82 
I didn't understood some of 
the issues - neither in school 
nor in the Online Portal. 
2,72 1,51 0,72 0,61 0,84 
The technical content of the 
V_Basis lesson was 
comprehensible to me. 
2,71 1,53 0,74 0,66 0,83 
Solving the tasks was easy. 2,80 1,55 0,61 0,54 0,85 
Having more information/ 
help would have been 
necessary for V_Basis 
lesson. 
2,75 1,55 0,68 0,49 0,85 
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A1.2 Post-test 
A1.2.1 Situational interest – feeling-related component 
 Summary for scale: 
 Mean=2,90  S.D.=0,95  Valid n=784 
 Cronbach's α = 0,90 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
The experiments were 
interesting for me. 
2,90 0,80 0,72 0,80 0,86 
I enjoyed doing 
experiments. 
2,90 1,60 0,70 0,83 0,86 
I enjoyed working with 
equipment that is also used 
in research. 
2,90 1,62 0,73 0,72 0,88 
While I was experimenting, 
the time went by quickly. 
2,90 1,61 0,73 0,68 0,89 
Performing the experiments 
was not boring. 
2,91 1,62 0,72 0,70 0,88 
 
A1.2.2 Situational interest – value-related component 
 Summary for scale: 
 Mean=2,73  S.D.=0,97  Valid n=781 
 Cronbach's α = 0,80 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
To me it seems useful that 
we have performed 
experiments today. 
2,67 0,73 0,74 0,68 0,73 
The fact that we have 
performed experiments 
today is important to me 
personally. 
2,78 1,42 0,63 0,65 0,74 
The connection of the 
experiments to other 
scientific areas was 
important to me. 
2,79 1,49 0,63 0,61 0,75 
To experiment 
independently was 
important to me. 
2,76 1,49 0,66 0,53 0,78 
Cooperation with 
classmates was important to 
me. 
2,66 1,56 0,76 0,45 0,80 
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A1.2.3 Situational interest – intrinsic component 
 Summary for scale: 
 Mean=1,93  S.D.=1,06  Valid n=779 
 Cronbach's α = 0,86 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
While experimenting, I have 
received some interesting 
suggestions. 
1,82 0,93 0,55 0,70 0,82 
While experimenting, I came 
up with new ideas. 
1,94 1,57 0,47 0,71 0,82 
I would like to learn more 
about the experiments that 
we performed today. 
1,91 1,58 0,49 0,73 0,81 
Such experiments, as we 
have performed today, I 
would do in my spare time 
too. 
2,04 1,58 0,40 0,68 0,83 
 
A1.2.4 Self-concept 
 Summary for scale: 
 Mean=2,52  S.D.=1,04  Valid n=794 
 Cronbach's α = 0,88 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I would be interested in 
natural sciences, if they 
wouldn’t be that 
complicated. 
2,54 0,76 0,60 0,61 0,87 
Although I try, natural 
sciences are difficult for me. 
2,51 1,99 0,65 0,74 0,85 
To learn natural science 
issues is easy for me. 
2,54 2,03 0,60 0,73 0,85 
I have got no talents related 
to natural sciences. 
2,50 1,97 0,66 0,75 0,85 
For some aspects in natural 
sciences, I already know 
from the very beginning: “I 
will never get this”. 
2,49 1,98 0,68 0,70 0,86 
Through experiments, I can 
understand complicated 
science issues. 
2,52 2,16 0,63 0,38 0,88 
I am talented in natural 
sciences. 
2,54 1,99 0,60 0,74 0,85 
I am good in performing 
experiments. 
2,52 2,15 0,63 0,44 0,88 
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A1.2.5 Interest in a career in physics 
 Summary for scale: 
 Mean=1,91  S.D.=1,30  Valid n=809 
 Cronbach's α = 0,92 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I am interested in working in 
a job related to physics. 
2,00 1,21 0,43 0,88 0,84 
I am interested in studying a 
subject at university or 
college, which is related to 
physics. 
2,01 1,68 0,43 0,88 0,84 
I am interested in working in 
a job related to natural 
sciences. 
1,73 1,81 0,57 0,75 0,95 
 
A1.2.6 Laboratory feature challenge 
 Summary for scale: 
 Mean=2,11  S.D.=0,91  Valid n=843 
 Cronbach's α = 0,70 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
Doing experiments was a 
challenge for me.  
2,23 0,68 0,44 0,50 0,62 
Today’s experimental work 
was ambitious/ demanding. 
2,09 1,14 0,54 0,61 0,55 
Challenges, which I was 
facing during my 
experiments, motivated me. 
2,09 1,21 0,54 0,42 0,68 
While I was doing 
experiments, I reflected and 
considered my work. 
2,03 1,25 0,59 0,41 0,68 
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A1.2.7 Laboratory feature comprehensibility 
 Summary for scale: 
 Mean=2,92  S.D.=0,79  Valid n=845 
 Cronbach's α = 0,80 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I had adequate knowledge 
and skills to perform the 
experiments. 
3,03 0,65 0,67 0,68 0,69 
I could successfully manage 
today’s tasks. 
2,90 1,01 0,74 0,69 0,68 
I well understood the 
experiment’s instructions. 
2,82 1,04 0,78 0,58 0,79 
 
A1.2.8 Laboratory feature openness 
 Summary for scale: 
 Mean=2,43  S.D.=0,95  Valid n=845 
 Cronbach's α = 0,72 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
While I was doing 
experiments, I had no 
chance to try out my own 
ideas. 
2,43 0,81 0,61 0,50 0,69 
The procedure of the 
experiments was fixed. I 
couldn’t made own 
decisions. 
2,54 1,15 0,55 0,55 0,63 
During the experiments, I 
had the feeling, that I could 
not decide anything by my 
own. 
2,31 1,17 0,67 0,59 0,58 
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A1.2.9 Laboratory feature support 
 Summary for scale: 
 Mean=3,36  S.D.=0,74  Valid n=785 
 Cronbach's α = 0,71 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
The supervisors were 
competent. 
3,33 0,63 0,85 0,60 0,53 
The supervisors were 
fascinated by natural 
sciences/ technology. 
3,38 0,90 0,83 0,49 0,66 
I liked the working 
atmosphere while I was 
doing experiments. 
3,37 0,88 0,84 0,50 0,66 
 
A1.2.10 Laboratory feature relevance 
 Summary for scale: 
 Mean=2,62  S.D.=0,87  Valid n=775 
 Cronbach's α = 0,85 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I recognized a connection 
between our experimental 
work today and the current 
research at the HZDR 
(Dresden research center). 
2,68 0,66 0,57 0,41 0,86 
Today I learned something 
about research at the 
research center. 
2,58 1,61 0,71 0,57 0,84 
Today I got the impression 
of how research works. 
2,61 1,60 0,67 0,57 0,84 
Today I learned about the 
aims of scientific research. 
2,59 1,57 0,69 0,68 0,83 
Due to the activity I got an 
impression of research’s 
relevance for my daily life. 
2,64 1,54 0,62 0,68 0,82 
Due to the activity I learned 
something about the 
meaning of natural sciences 
for our everyday lives. 
2,63 1,53 0,64 0,75 0,81 
Due to the activity I learned 
about the importance of 
natural sciences for our 
society. 
2,63 1,55 0,64 0,68 0,82 
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A1.2.11 Laboratory feature involvement 
 Summary for scale: 
 Mean=2,89  S.D.=0,90  Valid n=784 
 Cronbach's α = 0,64 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
During the activity, I worked 
well with my team mates. 
2,64 0,84 0,85 0,36 0,65 
During the activity, I 
explained something to my 
team mates or they 
explained something to me. 
2,99 0,99 0,67 0,49 0,47 
During the activity, I 
discussed about scientific 
issues with my class mates. 
3,04 0,97 0,65 0,52 0,43 
 
A1.2.12 Appreciation of the online portal (preparation) 
 Summary for scale: 
 Mean=2,49  S.D.=0,93  Valid n=558 
 Cronbach's α = 0,85 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α if 
deleted 
Looking back, the 
preparation seemed to be 
meaningful. 
2,50 0,74 0,62 0,63 0,83 
The online preparation 
supported my work in the 
laboratory. 
2,54 1,45 0,58 0,76 0,79 
Due to the Online 
Preparation I could 
understand and proceed the 
experiments well. 
2,50 1,49 0,62 0,72 0,80 
Because of the Online 
Preparation I had the 
required knowledge for 
upcoming questions related 
to the experiments. 
2,52 1,49 0,59 0,69 0,81 
During performing the 
experiments, I could identify 
many of the issues we dealt 
with in the Online 
Preparation. 
2,41 1,58 0,70 0,52 0,85 
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A1.2.13 The online portal’s support for the laboratory work (preparation) 
 Summary for scale: 
 Mean=2,31  S.D.=0,94  Valid n=321 
 Cronbach's α = 0,84 
            
Item 
Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α if 
deleted 
Due to the Online 
Preparation I felt prepared 
for the "Types of 
Magnetism" experimental 
station.  2,20 0,77 0,70 0,53 0,83 
Due to the Online 
Preparation I felt prepared 
for the "Resistance at low 
Temperatures" 
experimental station.  2,27 1,46 0,62 0,72 0,78 
Due to the Online 
Preparation I felt prepared 
for the "Magnetic Domains" 
experimental station.  2,39 1,51 0,49 0,59 0,82 
Due to the Online 
Preparation I felt prepared 
for the "Electric Black 
Boxes" experimental 
station.  2,36 1,46 0,55 0,67 0,79 
Due to the Online 
Preparation I felt prepared 
for the "Oscillating Circuit" 
experimental station.  2,31 1,46 0,59 0,68 0,79 
A1.3 Follow-up 
A1.3.1 Situational interest – feeling-related component 
 Summary for scale: 
 Mean=2,73  S.D.=0,94  Valid n=361 
 Cronbach's α = 0,88 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I enjoyed working with 
equipment that is also used 
in research. 
2,71 0,78 0,70 0,73 0,86 
The experiments were 
interesting to me. 
2,75 1,57 0,67 0,73 0,86 
Doing experiments was fun 
to me. 
2,70 1,56 0,71 0,78 0,85 
When experimenting, the 
time passed quickly. 
2,74 1,58 0,67 0,68 0,87 
Performing the experiments 
was not boring. 
2,75 1,57 0,66 0,68 0,87 
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A1.3.2 Situational interest – value-related component 
 Summary for scale: 
 Mean=2,68  S.D.=0,96  Valid n=359 
 Cronbach's α = 0,74 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
The relation of the 
experiments to other 
scientific areas was 
important to me. 
2,72 0,70 0,62 0,54 0,69 
To experiment 
independently was 
important to me. 
2,72 1,39 0,63 0,46 0,72 
To me it seems useful/it 
makes sense that we have 
performed experiments. 
2,60 1,36 0,75 0,61 0,66 
The fact that we have 
performed experiments is 
personally important to me. 
2,72 1,30 0,63 0,62 0,65 
The cooperation/ team work 
with my classmates was 
important to me. 
2,63 1,48 0,72 0,32 0,76 
 
A1.3.3 Situational interest – intrinsic component 
 Summary for scale: 
 Mean=1,84  S.D.=1,04  Valid n=358 
 Cronbach's α = 0,85 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
While experimenting I came 
up with new ideas. 
1,83 0,90 0,46 0,64 0,84 
I would like to learn more 
about the experiments that 
we performed. 
1,83 1,57 0,46 0,72 0,81 
Such experiments, as we 
have performed, I would like 
to do in my spare time as 
well. 
1,92 1,49 0,40 0,71 0,81 
While I was experimenting, I 
have obtained some 
interesting ideas. 
1,76 1,55 0,52 0,71 0,81 
 
 
Appendix  
174 
A1.3.4 Self-concept 
 Summary for scale: 
 Mean=2,52  S.D.=1,01  Valid n=363 
 Cronbach's α = 0,86 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I would be interested in 
natural sciences, if they 
wouldn’t be that 
complicated. 
2,55 0,70 0,59 0,64 0,83 
Although I try, natural 
sciences are difficult for me. 
2,51 1,83 0,64 0,77 0,82 
To learn natural science 
issues is easy for me. 
2,54 1,90 0,60 0,66 0,83 
I have got no talents related 
to natural sciences. 
2,49 1,84 0,68 0,75 0,82 
For some aspects in natural 
sciences, I already know 
from the very beginning: “I 
will never get this”. 
2,51 1,83 0,66 0,67 0,83 
Through experiments, I can 
understand complicated 
science issues. 
2,53 2,05 0,62 0,25 0,87 
I am talented in natural 
sciences. 
2,53 1,86 0,62 0,70 0,83 
I am good in performing 
experiments. 
2,52 2,03 0,63 0,33 0,86 
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A1.3.5 Interest in science 
 Summary for scale: 
 Mean=2,46  S.D.=1,00  Valid n=366 
 Cronbach's α = 0,85 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I really do enjoy natural 
sciences. 
2,44 0,73 0,64 0,74 0,82 
When there are broadcasts 
about natural science on TV, 
I always switch the channel 
or turn it off. 
2,42 1,86 0,68 0,52 0,85 
To me, natural sciences are 
part of the important things 
of life. 
2,49 1,77 0,56 0,69 0,82 
I don’t like to have 
conversations about issues 
related to natural sciences. 
2,46 1,84 0,61 0,53 0,85 
To me, it is important to 
deal with natural scientific 
questions. 
2,46 1,83 0,61 0,63 0,83 
Texts/ articles dealing with 
natural sciences are not 
interesting to me. 
2,41 1,82 0,68 0,59 0,84 
During my leisure time, I am 
thinking about science 
phenomena. 
2,51 1,81 0,53 0,62 0,83 
A1.3.6 Interest in experimentation 
 Summary for scale: 
 Mean=2,26  S.D.=0,95  Valid n=374 
 Cronbach's α = 0,80 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
While I am doing 
experiments, I do not notice 
how the time goes by. 
2,22 0,82 0,59 0,66 0,71 
For doing experiments, I am 
happy to spend some of my 
leisure time for it. 
2,53 1,18 0,43 0,60 0,77 
I really do enjoy to do 
experiments. 
2,03 1,24 0,68 0,68 0,70 
  
Appendix  
176 
A1.3.8 Interest in a career in physics 
 Summary for scale: 
 Mean=2,11  S.D.=1,27  Valid n=370 
 Cronbach's α = 0,91 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α 
if deleted 
I am interested in working in 
a job related to physics. 
2,20 1,17 0,48 0,88 0,82 
I am interested in studying a 
subject at university or 
college, which is related to 
physics. 
2,22 1,64 0,47 0,87 0,83 
I am interested in working in 
a job related to natural 
sciences. 
1,92 1,80 0,62 0,72 0,95 
 
A1.3.9 Appreciation of the online portal (post enhancement) 
 Summary for scale: 
 Mean=2,60  S.D.=0,85  Valid n=94 
 Cronbach's α = 0,75 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α if 
deleted 
To me it was meaningful, 
that we post progressed the 
lab visit. 
2,54 0,62 0,62 0,53 0,70 
Due to the Online Portal's 
post enhancement, I 
understood where there is 
research done at the 
research centre. 
2,55 1,25 0,70 0,44 0,73 
Due to the Online Portal's 
post enhancement, I could 
see a link between the lab 
work and research at the 
center. 
2,61 1,19 0,63 0,55 0,68 
Due to the Online Portal's 
post enhancement, I gained 
new experiences related to 
the lab experiments. 
2,60 1,24 0,64 0,58 0,68 
The Online Post Progression 
issues made me excited. 
2,69 1,27 0,55 0,46 0,72 
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A1.3.10 Comprehensibility of the online portal content (post enhancement) 
 Summary for scale: 
 Mean=2,65  S.D.=0,83  Valid n=95 
 Cronbach's α = 0,87 
            
Item Mean if 
deleted 
S.D. if 
deleted 
Item 
Difficulty  
Item Dis-
crimination  
Cronbach's α if 
deleted 
I had enough previous 
knowledge from school to 
understand the online post 
enhancement. 
2,66 0,67 0,66 0,71 0,84 
Issues of the online portal’s 
post enhancement were 
linked to school issues and 
knowledge. 
2,66 1,34 0,66 0,70 0,84 
Thanks to the lab visit I had 
previous knowledge to 
understand the online post 
enhancement. 
2,68 1,38 0,64 0,63 0,85 
I could identify lab issues in 
the online portal’s post 
enhancement content. 
2,63 1,39 0,68 0,70 0,84 
The online portal’s post 
enhancement was easy 
understandable. 
2,64 1,37 0,67 0,73 0,83 
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A2. Factor analyses 
The main scales of that assessment were already used in previous studies where they showed good 
validities and reliabilities. Since they also reached satisfying reliability levels further factor analyses 
were not performed. However, regarding the new scales this was done.  
A2.1 Pre-test online portal related items 
For extracting the factors two procedures were applied; first the Kaiser criterion and the graphical 
method of the point of inflexion. As a result two factors were identified. Factor 1 with an eigenvalue 
of 5,14 and factor 2 with 2,33. Both cover 32% respectively 15% or the variances. In order to determine 
related items, varimax was used for method for rotation. Its results are displayed in the table below, 
factor loadings around 0,5 and above are bold and regarded as loading on a factor. Accordingly factor 
1 became the “Comprehensibility of the online portal content (preparation)” scale and factor 2 the 
“Appreciation of the online portal (preparation)” scale. 
 Factor 
1 2 
I used the online preparation carefully. ,307 ,596 
To me, the preparation seemed meaningful. ,059 ,659 
The preparation was fun. ,204 ,750 
The preparation made me curious about the visit in the lab. ,137 ,775 
I feel well prepared for the laboratory visit. * ,572 ,497 
How much new things did you learn? ** -,226 ,547 
The lesson V_Basis of the Online Portal had a lot of issues that I 
knew from school. 
,674 ,072 
I always had enough previous knowledge to understand the content 
and the tasks of V_Basis. 
,832 ,088 
I always had enough previous knowledge to understand the content 
and the tasks of V_Basis. 
,842 ,124 
The technical content of the V_Basis lesson was comprehensible to 
me. 
,691 ,219 
Solving the tasks was easy. ,652 ,083 
If the preparation would have taken more time, I still would have 
been fine. 
,016 ,530 
I didn't understood some of the issues - neither in school nor in the 
Online Portal. 
,703 ,062 
Having more information/ help would have been necessary for 
V_Basis lesson. 
,565 -,137 
*Note: Due to the content this item was related to factor 2. 
**Note: This item was not chosen because of bad item discrimination and Cronbach’s alpha values if deleted. 
A2.2 Post-test online portal related items 
For extracting the factors two procedures were applied; first the Kaiser criterion and the graphical 
method of the point of inflexion. As a result two factors were identified. Factor 1 with an eigenvalue 
of 5,17 and factor 2 with 1,47. Both cover 40% respectively 11% or the variances. In order to determine 
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related items, varimax was used for method for rotation. Its results are displayed in the table below, 
factor loadings around 0,5 and above are bold and regarded as loading on a factor. In this respect 
factor 1 became the “Appreciation of the online portal (preparation)”scale and factor 2 the “The online 
portal’s support for the laboratory work (preparation)” scale. 
 Factor 
1 2 
Looking back, the preparation seemed to be meaningful. ,756 ,169 
The online preparation supported my work in the laboratory. ,774 ,199 
Due to the Online Preparation I could understand and proceed the 
experiments well. 
,698 ,248 
Because of the Online Preparation I had the required knowledge for 
upcoming questions related to the experiments. 
,673 ,379 
During performing the experiments, I could identify many of the issues we 
dealt with in the Online Preparation. 
,688 ,143 
Due to the Online Preparation I felt prepared for the "Types of 
Magnetism" experimental station.  
,424 ,590 
Due to the Online Preparation I felt prepared for the "Resistance at 
low Temperatures" experimental station.  
,342 ,766 
Due to the Online Preparation I felt prepared for the "Magnetic 
Domains" experimental station.  
,028 ,786 
Due to the Online Preparation I felt prepared for the "Electric Black 
Boxes" experimental station.  
,153 ,783 
Due to the Online Preparation I felt prepared for the "Oscillating 
Circuit" experimental station.  
,238 ,759 
 
A2.3 Follow-up online portal related items 
For extracting the factors two procedures were applied; first the Kaiser criterion and the graphical 
method of the point of inflexion. As a result two factors were identified. Factor 1 with an eigenvalue 
of 4,57 and factor 2 with 1,77. Both cover 38% respectively 15% or the variances. In order to determine 
related items, varimax was used for method for rotation. Its results are displayed in the table below, 
factor loadings around 0,5 and above are bold and regarded as loading on a factor. Finally factor 1 was 
defined as “Comprehensibility of the online portal content (post enhancement)” scale and factor 2 as 
“Appreciation of the online portal (post enhancement)” scale. 
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 Factor 
1 2 
To me it was meaningful, that we post progressed the lab visit. ,202 ,656 
Due to the online portal's post enhancement, I understood where there is 
research done at the research centre. 
-,015 ,664 
Due to the online portal's post enhancement, I could see a link between 
the lab work and research at the center. 
,249 ,710 
Due to the online portal’s post enhancement, I gained new experiences 
related to the lab experiments. 
,197 ,729 
I had enough previous knowledge from school to understand the online 
post enhancement. 
,830 ,038 
Issues of the online portal’s post enhancement were linked to school issues 
and knowledge. 
,815 ,177 
Thanks to the lab visit I had previous knowledge to understand the online 
post enhancement. 
,693 ,308 
I could identify lab issues in the online portal’s post enhancement content. ,812 ,159 
The online portal’s post enhancement was easy understandable. ,755 ,242 
The online post progression issues made me excited. ,354 ,578 
A3. Scale values 
Used abbreviations in this section:   
CG – control group, TG – treatment group, Q1 – pre-test, Q2 – post-test, Q3 – follow-up 
A3.1 Cross-sectional analyses 
A3.1.1 Situational interest – feeling-related component 
   N Mean Std. Deviation 
CG total Q2 285 2,4730 ,87801 
 total Q3 135 2,6874 ,72754 
TG total Q2 567 2,9999 ,73341 
 total Q3 228 2,7526 ,79815 
TG with post work Q3 92 2,8717 ,78814 
CG Female  Q2 123 2,4463 ,83089 
 Female Q3 52 2,6154 ,78400 
 Male  Q2 162 2,4932 ,91420 
 Male Q3 83 2,7325 ,69090 
TG Female  Q2 219 2,9114 ,70028 
 Female Q3 79 2,5797 ,75284 
 Male  Q2 348 3,0556 ,74915 
 Male Q3 149 2,8443 ,80868 
CG lower secondary 
level 
Q2 135 2,3704 ,79896 
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   N Mean Std. Deviation 
 lower secondary 
level 
Q3 59 2,6169 ,69012 
 upper secondary 
level 
Q2 149 2,5725 ,93562 
 upper secondary 
level 
Q3 76 2,7421 ,75529 
TG lower secondary 
level 
Q2 238 2,9866 ,69228 
 lower secondary 
level 
Q3 50 2,6960 ,78167 
 upper secondary 
level 
Q2 329 3,0096 ,76268 
 upper secondary 
level 
Q3 178 2,7685 ,80417 
CG class 1 Q2 104 2,2702 ,84277 
 class 1 Q3 45 2,4756 ,74259 
 class 2 Q2 78 2,5231 1,02472 
 class 2 Q3 33 2,9333 ,67577 
 class 3 Q2 103 2,6398 ,75138 
 class 3 Q3 57 2,7123 ,70712 
TG class 1 Q2 155 2,8310 ,76463 
 class 1 Q3 52 2,3462 ,86963 
 class 2 Q2 216 3,1806 ,69375 
 class 2 Q3 92 2,9413 ,79975 
 class 3 Q2 196 2,9344 ,71116 
 class 3 Q3 84 2,7976 ,65675 
A3.1.2 Situational interest – value-related component 
   N Mean Std. Deviation 
CG total Q2 285 2,6023 ,81041 
 total Q3 135 2,6656 ,65073 
TG total Q2 567 2,7904 ,69294 
 total Q3 228 2,6822 ,68435 
TG with post work Q3 92 2,7473 ,69927 
CG Female  Q2 123 2,5163 ,80413 
 Female Q3 52 2,6971 ,63973 
 Male  Q2 162 2,6676 ,81153 
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   N Mean Std. Deviation 
 Male Q3 83 2,6458 ,66062 
TG Female  Q2 219 2,7664 ,68078 
 Female Q3 79 2,5494 ,64963 
 Male  Q2 348 2,8055 ,70104 
 Male Q3 149 2,7527 ,69389 
CG lower secondary 
level 
Q2 135 2,6089 ,77580 
 lower secondary 
level 
Q3 59 2,6178 ,69461 
 upper secondary 
level 
Q2 149 2,5936 ,84508 
 upper secondary 
level 
Q3 76 2,7026 ,61665 
TG lower secondary 
level 
Q2 238 2,8187 ,69634 
 lower secondary 
level 
Q3 50 2,6320 ,68733 
 upper secondary 
level 
Q2 329 2,7699 ,69081 
 upper secondary 
level 
Q3 178 2,6963 ,68478 
CG class 1 Q2 104 2,2952 ,88168 
 class 1 Q3 45 2,5878 ,75069 
 class 2 Q2 78 2,9500 ,73037 
 class 2 Q3 33 2,7758 ,47895 
 class 3 Q2 103 2,6490 ,67093 
 class 3 Q3 57 2,6632 ,65373 
TG class 1 Q2 155 2,7216 ,74733 
 class 1 Q3 52 2,4885 ,78357 
 class 2 Q2 216 2,9806 ,62728 
 class 2 Q3 92 2,8370 ,69594 
 class 3 Q2 196 2,6352 ,67140 
 class 3 Q3 84 2,6327 ,56571 
A3.1.3 Situational interest – intrinsic component 
   N Mean Std. Deviation 
CG total Q2 284 1,7333 ,96141 
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   N Mean Std. Deviation 
 total Q3 135 1,8130 ,88558 
TG total Q2 567 2,0066 ,85162 
 total Q3 228 1,8567 ,85690 
TG with post work Q3 92 2,0254 ,83486 
CG Female  Q2 122 1,5014 ,99666 
 Female Q3 52 1,5769 ,90415 
 Male  Q2 162 1,9079 ,89818 
 Male Q3 83 1,9608 ,84597 
TG Female  Q2 219 1,8177 ,79039 
 Female Q3 79 1,6013 ,84021 
 Male  Q2 348 2,1255 ,86823 
 Male Q3 149 1,9922 ,83717 
CG lower secondary 
level 
Q2 135 1,7858 ,90989 
 lower secondary 
level 
Q3 59 1,8263 ,92993 
 upper secondary 
level 
Q2 149 1,6857 1,00651 
 upper secondary 
level 
Q3 76 1,8026 ,85568 
TG lower secondary 
level 
Q2 238 2,0445 ,83816 
 lower secondary 
level 
Q3 50 1,8417 ,96012 
 upper secondary 
level 
Q2 329 1,9792 ,86146 
 upper secondary 
level 
Q3 178 1,8610 ,82850 
CG class 1 Q2 104 1,1939 ,97767 
 class 1 Q3 45 1,3722 ,80767 
 class 2 Q2 77 2,1602 ,83681 
 class 2 Q3 33 2,3409 ,73903 
 class 3 Q2 103 1,9587 ,76944 
 class 3 Q3 57 1,8553 ,85428 
TG class 1 Q2 155 1,6796 ,84463 
 class 1 Q3 52 1,3894 ,77557 
 class 2 Q2 216 2,2600 ,87557 
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 class 2 Q3 92 2,0607 ,86894 
 class 3 Q2 196 1,9860 ,73476 
 class 3 Q3 84 1,9226 ,78959 
A3.1.4 Self-concept 
   N Mean Std. Deviation 
CG total Q1 285 2,2883 ,73121 
 total Q2 251 2,3773 ,80056 
 total Q3 143 2,4305 ,70904 
TG total Q1 570 2,5532 ,70098 
 total Q2 567 2,5863 ,73610 
 total Q3 228 2,5714 ,70212 
TG with post work Q3 92 2,6427 ,70530 
CG Female  Q1 123 2,0524 ,71929 
 Female Q2 106 2,1321 ,77437 
 Female Q3 55 2,2990 ,79115 
 Male  Q1 162 2,4675 ,69013 
 Male Q2 145 2,5565 ,77384 
 Male Q3 88 2,5126 ,64367 
TG Female  Q1 221 2,2043 ,70220 
 Female Q2 219 2,2922 ,75059 
 Female Q3 79 2,2315 ,64896 
 Male Q1 349 2,7742 ,60452 
 Male  Q2 348 2,7714 ,66404 
 Male Q3 149 2,7516 ,66317 
CG lower secondary 
level 
Q1 136 2,2580 ,68375 
 lower secondary 
level 
Q2 103 2,3859 ,78729 
 lower secondary 
level 
Q3 59 2,3453 ,66035 
 upper secondary 
level 
Q1 149 2,3160 ,77326 
 upper secondary 
level 
Q2 148 2,3713 ,81228 
 upper secondary 
level 
Q3 84 2,4903 ,73933 
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   N Mean Std. Deviation 
TG lower secondary 
level 
Q1 239 2,4629 ,69757 
 lower secondary 
level 
Q2 238 2,4912 ,71575 
 lower secondary 
level 
Q3 50 2,3457 ,65776 
 upper secondary 
level 
Q1 331 2,6185 ,69722 
 upper secondary 
level 
Q2 329 2,6551 ,74401 
 upper secondary 
level 
Q3 178 2,6347 ,70287 
CG class 1 Q1 104 1,7620 ,60507 
 class 1 Q2 93 1,8289 ,68067 
 class 1 Q3 46 2,0423 ,60111 
 class 2 Q1 78 2,8777 ,59895 
 class 2 Q2 69 3,0867 ,56369 
 class 2 Q3 39 2,8857 ,64000 
 class 3 Q1 103 2,3734 ,54108 
 class 3 Q2 89 2,4003 ,61474 
 class 3 Q3 58 2,4323 ,65630 
TG class 1 Q1 156 1,9757 ,68630 
 class 1 Q2 155 2,0302 ,71780 
 class 1 Q3 52 2,0175 ,71897 
 class 2 Q1 217 3,0735 ,45110 
 class 2 Q2 216 3,0594 ,57931 
 class 2 Q3 92 3,0134 ,56197 
 class 3 Q1 197 2,4375 ,50121 
 class 3 Q2 196 2,5048 ,54355 
 class 3 Q3 84 2,4301 ,50537 
 
A3.1.5 Interest in science 
   N Mean Std. Deviation 
CG total Q1 285 2,1931 ,78792 
 total Q3 144 2,3757 ,71239 
TG total Q1 570 2,4400 ,74281 
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 total Q3 231 2,5144 ,73599 
TG with post work Q3 92 2,6087 ,69395 
CG Female  Q1 123 1,9855 ,73265 
 Female Q3 55 2,2190 ,74179 
 Male  Q1 162 2,3508 ,79398 
 Male Q3 89 2,4724 ,67988 
TG Female  Q1 221 2,1460 ,73523 
 Female Q3 82 2,1841 ,75120 
 Male  Q1 349 2,6261 ,68614 
 Male Q3 149 2,6962 ,66275 
CG lower secondary 
level 
Q1 136 2,0711 ,76358 
 lower secondary 
level 
Q3 60 2,2298 ,67828 
 upper secondary 
level 
Q1 149 2,3046 ,79578 
 upper secondary 
level 
Q3 84 2,4799 ,72178 
TG lower secondary 
level 
Q1 239 2,3433 ,70842 
 lower secondary 
level 
Q3 50 2,3914 ,67056 
 upper secondary 
level 
Q1 331 2,5098 ,76012 
 upper secondary 
level 
Q3 181 2,5484 ,75126 
CG class 1 Q1 104 1,7356 ,70659 
 class 1 Q3 46 1,9203 ,74412 
 class 2 Q1 78 2,674 ,69305 
 class 2 Q3 40 2,8107 ,56349 
 class 3 Q1 103 2,2203 ,62882 
 class 3 Q3 58 2,4368 ,56111 
TG class 1 Q1 156 1,9412 ,70938 
 class 1 Q3 54 1,9550 ,75990 
 class 2 Q1 217 2,9610 ,59104 
 class 2 Q3 93 2,9811 ,53268 
 class 3 Q1 197 2,2609 ,53674 
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   N Mean Std. Deviation 
 class 3 Q3 84 2,3574 ,58762 
 
A3.1.6 Interest in experimentation 
   N Mean Std. Deviation 
CG total Q1 285 2,1310 ,87075 
 total Q3 144 2,1968 ,76278 
TG total Q1 570 2,3120 ,77236 
 total Q3 230 2,3014 ,83002 
TG with post work Q3 92 2,3768 ,88980 
CG Female  Q1 123 2,0325 ,89363 
 Female Q3 55 2,1030 ,78534 
 Male  Q1 162 2,2058 ,84812 
 Male Q3 89 2,2547 ,74709 
TG Female  Q1 221 2,1169 ,74301 
 Female Q3 81 2,0412 ,86664 
 Male  Q1 349 2,4355 ,76610 
 Male Q3 149 2,4430 ,77638 
CG lower secondary 
level 
Q1 136 2,0931 ,86893 
 lower secondary 
level 
Q3 60 2,1111 ,78274 
 upper secondary 
level 
Q1 149 2,1655 ,87390 
 upper secondary 
level 
Q3 84 2,2579 ,74688 
TG lower secondary 
level 
Q1 239 2,3222 ,78731 
 lower secondary 
level 
Q3 50 2,1467 ,93110 
 upper secondary 
level 
Q1 331 2,3046 ,76250 
 upper secondary 
level 
Q3 180 2,3444 ,79719 
CG class 1 Q1 104 1,7692 ,87031 
 class 1 Q3 46 1,8623 ,83022 
 class 2 Q1 78 2,5000 ,87905 
Appendix  
188 
   N Mean Std. Deviation 
 class 2 Q3 40 2,5833 ,75391 
 class 3 Q1 103 2,2168 ,71964 
 class 3 Q3 58 2,1954 ,57578 
TG class 1 Q1 156 1,9380 ,77765 
 class 1 Q3 53 1,8553 ,90702 
 class 2 Q1 217 2,6544 ,71568 
 class 2 Q3 93 2,5842 ,73336 
 class 3 Q1 197 2,2310 ,66440 
 class 3 Q3 84 2,2698 ,75601 
 
A3.1.7 Interest in a career in physics 
   N Mean Std. Deviation 
CG total Q1 285 1,7216 1,27686 
 total Q2 251 1,6859 1,24961 
 total Q3 143 1,9557 1,19154 
TG total Q1 570 1,9997 1,19764 
 total Q2 567 2,0206 1,16661 
 total Q3 228 2,2076 1,14993 
TG with post work Q3 92 2,2754 1,14045 
CG Female  Q1 123 1,2358 1,16626 
 Female Q2 106 1,2107 1,20609 
 Female Q3 55 1,5636 1,17216 
 Male  Q1 162 2,0905 1,23612 
 Male Q2 145 2,0333 1,16726 
 Male Q3 88 2,2008 1,14307 
TG Female  Q1 221 1,4759 1,03909 
 Female Q2 219 1,5556 1,05099 
 Female Q3 79 1,7257 1,10523 
 Male Q1 349 2,3314 1,17390 
 Male  Q2 348 2,3132 1,14177 
 Male Q3 149 2,4631 1,09305 
CG lower secondary 
level 
Q1 136 1,5515 1,15711 
 lower secondary 
level 
Q2 103 1,5291 1,16490 
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   N Mean Std. Deviation 
 lower secondary 
level 
Q3 59 1,6893 1,15115 
 upper secondary 
level 
Q1 149 1,8770 1,36249 
 upper secondary 
level 
Q2 148 1,7950 1,29802 
 upper secondary 
level 
Q3 84 2,1429 1,19042 
TG lower secondary 
level 
Q1 239 1,7252 1,03951 
 lower secondary 
level 
Q2 238 1,8186 1,06763 
 lower secondary 
level 
Q3 50 1,8133 ,99696 
 upper secondary 
level 
Q1 331 2,1979 1,26486 
 upper secondary 
level 
Q2 329 2,1667 1,21405 
 upper secondary 
level 
Q3 178 2,3184 1,16812 
CG class 1 Q1 104 ,7628 ,90268 
 class 1 Q2 93 ,6989 ,85277 
 class 1 Q3 46 1,0870 1,01940 
 class 2 Q1 78 2,8504 1,02021 
 class 2 Q2 69 2,7899 ,98918 
 class 2 Q3 39 2,7350 1,08466 
 class 3 Q1 103 1,8350 1,00313 
 class 3 Q2 89 1,8614 ,95056 
 class 3 Q3 58 2,1207 ,93804 
TG class 1 Q1 156 1,0021 ,89001 
 class 1 Q2 155 1,0903 ,91035 
 class 1 Q3 52 1,3269 1,06946 
 class 2 Q1 217 2,8971 ,98296 
 class 2 Q2 216 2,8796 ,96912 
 class 2 Q3 92 2,9203 ,94974 
 class 3 Q1 197 1,8012 ,86575 
 class 3 Q3 196 1,8095 ,84277 
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   N Mean Std. Deviation 
 class 3 Q3 84 1,9722 ,90545 
 
A3.1.8 Laboratory feature - challenge 
   N Mean Std. Deviation 
CG total Q2 285 2,1205 ,65625 
TG total Q2 567 2,1108 ,65764 
CG Female  Q2 123 2,1409 ,64524 
 Male Q2 162 2,1049 ,66606 
TG Female  Q2 219 2,1842 ,59507 
 Male Q2 348 2,0647 ,69097 
CG lower secondary 
level 
Q2 136 2,2261 ,59438 
 upper secondary 
level 
Q2 149 2,0240 ,69609 
TG lower secondary 
level 
Q2 238 2,1719 ,68987 
 upper secondary 
level 
Q2 329 2,0666 ,63068 
CG class 1 Q2 104 2,1266 ,71431 
 class 2 Q2 78 2,1485 ,58613 
 class 3 Q2 103 2,0930 ,65047 
TG class 1 Q2 155 2,1247 ,65955 
 class 2 Q2 216 2,0926 ,73776 
 class 3 Q2 196 2,1199 ,55772 
 
A3.1.9 Laboratory feature - comprehensibility 
   N Mean Std. Deviation 
CG total Q2 285 2,7351 ,71241 
TG total Q2 567 3,0129 ,62927 
CG Female  Q2 123 2,5867 ,70786 
 Male Q2 162 2,8477 ,69713 
TG Female  Q2 219 2,8402 ,62347 
 Male Q2 348 3,1216 ,60910 
CG lower secondary 
level 
Q2 136 2,7537 ,66108 
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   N Mean Std. Deviation 
 upper secondary 
level 
Q2 149 2,7181 ,75806 
TG lower secondary 
level 
Q2 238 2,9384 ,68260 
 upper secondary 
level 
Q2 329 3,0669 ,58283 
CG class 1 Q2 104 2,4327 ,65504 
 class 2 Q2 78 3,1838 ,65277 
 class 3 Q2 103 2,7006 ,64014 
TG class 1 Q2 155 2,7527 ,66432 
 class 2 Q2 216 3,2670 ,56989 
 class 3 Q2 196 2,9388 ,55848 
 
A3.1.10 Laboratory feature - openness 
   N Mean Std. Deviation 
CG total Q2 285 2,4626 ,77782 
TG total Q2 567 2,4136 ,76651 
CG Female  Q2 123 2,6057 ,77714 
 Male Q2 162 2,3539 ,76292 
TG Female  Q2 219 2,4619 ,75374 
 Male Q2 348 2,3831 ,77396 
CG lower secondary 
level 
Q2 136 2,5135 ,70887 
 upper secondary 
level 
Q2 149 2,4161 ,83550 
TG lower secondary 
level 
Q2 238 2,3704 ,80181 
 upper secondary 
level 
Q2 329 2,4448 ,73959 
CG class 1 Q2 104 2,5417 ,83374 
 class 2 Q2 78 2,3654 ,83875 
 class 3 Q2 103 2,4563 ,66173 
TG class 1 Q2 155 2,4495 ,81525 
 class 2 Q2 216 2,3380 ,82200 
 class 3 Q2 196 2,4685 ,65198 
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A3.1.11 Laboratory feature - support 
   N Mean Std. Deviation 
CG total Q2 285 3,3263 ,59827 
TG total Q2 567 3,3624 ,60034 
CG Female  Q2 123 3,3875 ,57359 
 Male Q2 162 3,2798 ,61403 
TG Female  Q2 219 3,4072 ,54113 
 Male Q2 348 3,3343 ,63392 
CG lower secondary 
level 
Q2 136 3,2733 ,65000 
 upper secondary 
level 
Q2 149 3,3747 ,54453 
TG lower secondary 
level 
Q2 238 3,3431 ,63600 
 upper secondary 
level 
Q2 329 3,3764 ,57375 
CG class 1 Q2 104 3,3958 ,61410 
 class 2 Q2 78 3,3590 ,58792 
 class 3 Q2 103 3,2314 ,58309 
TG class 1 Q2 155 3,3806 ,64515 
 class 2 Q2 216 3,4012 ,58977 
 class 3 Q2 196 3,3053 ,57332 
 
A3.1.12 Laboratory feature - relevance 
   N Mean Std. Deviation 
CG total Q2 285 2,5299 ,65198 
TG total Q2 567 2,6245 ,63816 
CG Female  Q2 123 2,4609 ,68987 
 Male Q2 162 2,5823 ,61869 
TG Female  Q2 219 2,5352 ,62208 
 Male Q2 348 2,6808 ,64260 
CG lower secondary 
level 
Q2 136 2,4034 ,60936 
 upper secondary 
level 
Q2 149 2,6454 ,66995 
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   N Mean Std. Deviation 
TG lower secondary 
level 
Q2 238 2,6106 ,61586 
 upper secondary 
level 
Q2 329 2,6346 ,65455 
CG class 1 Q2 104 2,3862 ,76816 
 class 2 Q2 78 2,6325 ,58956 
 class 3 Q2 103 2,5974 ,53999 
TG class 1 Q2 155 2,5269 ,68449 
 class 2 Q2 216 2,7269 ,62881 
 class 3 Q2 196 2,5890 ,59635 
 
A3.1.13 Laboratory feature - involvement 
   N Mean Std. Deviation 
CG total Q2 222 2,9234 ,67688 
TG total Q2 567 2,8792 ,68879 
CG Female  Q2 93 3,0358 ,68182 
 Male Q2 129 2,8424 ,66416 
TG Female  Q2 219 2,9346 ,67900 
 Male Q2 348 2,8443 ,69359 
CG lower secondary 
level 
Q2 82 2,8780 ,64259 
 upper secondary 
level 
Q2 140 2,9500 ,69706 
TG lower secondary 
level 
Q2 238 2,8452 ,69657 
 upper secondary 
level 
Q2 329 2,9037 ,68312 
CG class 1 Q2 81 2,9053 ,72693 
 class 2 Q2 56 2,9762 ,69299 
 class 3 Q2 85 2,9059 ,62066 
TG class 1 Q2 155 2,8516 ,75224 
 class 2 Q2 216 2,9838 ,66501 
 class 3 Q2 196 2,7857 ,64891 
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A3.2 Longitudinal analyses 
A3.2.1 Situational interest – feeling-related component 
   N Mean Std. Deviation 
CG total Q2 135 2,7822 ,83992 
 total Q3 135 2.6874 .72754 
TG total Q2 226 2,9883 ,72256 
 total Q3 226 2,7531 ,79895 
TG with post work Q2 92 3,1478 ,69083 
 with post work Q3 92 2,8717 ,78814 
CG Female  Q2 52 2,8000 ,81842 
 Female Q3 52 2,6154 ,78400 
 Male  Q2 83 2,7711 ,85786 
 Male Q3 83 2,7325 ,69090 
TG Female  Q2 78 2,8173 ,69150 
 Female Q3 78 2,5872 ,75479 
 Male  Q2 148 3,0784 ,72455 
 Male Q3 148 2,8405 ,81013 
CG lower secondary 
level 
Q2 59 2,7492 ,85805 
 lower secondary 
level 
Q3 59 2,6169 ,69012 
 upper secondary 
level 
Q2 76 2,8079 ,83038 
 upper secondary 
level 
Q3 76 2,7421 ,75529 
TG lower secondary 
level 
Q2 50 2,9560 ,66060 
 lower secondary 
level 
Q3 50 2,6960 ,78167 
 upper secondary 
level 
Q2 148 3,0784 ,72455 
 upper secondary 
level 
Q3 148 2,8405 ,81013 
CG class 1 Q2 45 2,5644 ,85098 
 class 1 Q3 45 2,4756 ,74259 
 class 2 Q2 33 2,9909 ,95985 
 class 2 Q3 33 2,9333 ,67577 
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   N Mean Std. Deviation 
 class 3 Q2 57 2,8333 ,72539 
 class 3 Q3 57 2,7123 ,70712 
TG class 1 Q2 52 2,7038 ,62433 
 class 1 Q3 52 2,3462 ,86963 
 class 2 Q2 91 3,1341 ,74955 
 class 2 Q3 91 2,9363 ,80271 
 class 3 Q2 83 3,0066 ,70589 
 class 3 Q3 83 2,8072 ,65477 
 
A3.2.2 Situational interest – value-related component 
   N Mean Std. Deviation 
CG total Q2 135 2,6648 ,69779 
 total Q3 135 2.6656 .65073 
TG total Q2 226 2,7821 ,65777 
 total Q3 226 2,6838 ,68399 
TG with post work Q2 92 2,9147 ,63534 
 with post work Q3 92 2,7473 ,69927 
CG Female  Q2 52 2,6885 ,71005 
 Female Q3 52 2,6971 ,63973 
 Male  Q2 83 2,6500 ,69392 
 Male Q3 83 2,6458 ,66062 
TG Female  Q2 78 2,6385 ,64309 
 Female Q3 78 2,5590 ,64816 
 Male  Q2 148 2,8578 ,65491 
 Male Q3 148 2,7497 ,69526 
CG lower secondary 
level 
Q2 59 2,7136 ,73495 
 lower secondary 
level 
Q3 59 2,6178 ,69461 
 upper secondary 
level 
Q2 76 2,6270 ,67000 
 upper secondary 
level 
Q3 76 2,7026 ,61665 
TG lower secondary 
level 
Q2 50 2,7640 ,70182 
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   N Mean Std. Deviation 
 lower secondary 
level 
Q3 50 2,6320 ,68733 
 upper secondary 
level 
Q2 148 2,8578 ,65491 
 upper secondary 
level 
Q3 148 2,7497 ,69526 
CG class 1 Q2 45 2,5289 ,86356 
 class 1 Q3 45 2,5878 ,75069 
 class 2 Q2 33 2,7909 ,59391 
 class 2 Q3 33 2,7758 ,47895 
 class 3 Q2 57 2,6991 ,59345 
 class 3 Q3 57 2,6632 ,65373 
TG class 1 Q2 52 2,5538 ,62323 
 class 1 Q3 52 2,4885 ,78357 
 class 2 Q2 91 2,9934 ,66027 
 class 2 Q3 91 2,8330 ,69874 
 class 3 Q2 83 2,6934 ,61365 
 class 3 Q3 83 2,6428 ,56158 
A3.2.3 Situational interest – intrinsic component 
   N Mean Std. Deviation 
CG total Q2 135 1,8753 ,89277 
 total Q3 135 1.8130 .88558 
TG total Q2 226 1,9543 ,84962 
 total Q3 226 1,8566 ,86062 
TG with post work Q2 92 2,0851 ,90067 
 with post work Q3 92 2,0254 ,83486 
CG Female  Q2 52 1,6763 ,92571 
 Female Q3 52 1,5769 ,90415 
 Male  Q2 83 2,0000 ,85361 
 Male Q3 83 1,9608 ,84597 
TG Female  Q2 78 1,7318 ,70001 
 Female Q3 78 1,5994 ,84548 
 Male  Q2 148 2,0715 ,89895 
 Male Q3 148 1,9921 ,84002 
CG lower secondary 
level 
Q2 59 1,8475 ,86231 
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   N Mean Std. Deviation 
 lower secondary 
level 
Q3 59 1,8263 ,92993 
 upper secondary 
level 
Q2 76 1,8969 ,92084 
 upper secondary 
level 
Q3 76 1,8026 ,85568 
TG lower secondary 
level 
Q2 50 1,9867 ,86034 
 lower secondary 
level 
Q3 50 1,8417 ,96012 
 upper secondary 
level 
Q2 148 2,0715 ,89895 
 upper secondary 
level 
Q3 148 1,9921 ,84002 
CG class 1 Q2 45 1,3815 ,93465 
 class 1 Q3 45 1,3722 ,80767 
 class 2 Q2 33 2,1742 ,82794 
 class 2 Q3 33 2,3409 ,73903 
 class 3 Q2 57 2,0921 ,72984 
 class 3 Q3 57 1,8553 ,85428 
TG class 1 Q2 52 1,6122 ,78537 
 class 1 Q3 52 1,3894 ,77557 
 class 2 Q2 91 2,1630 ,90642 
 class 2 Q3 91 2,0614 ,87373 
 class 3 Q2 83 1,9398 ,75667 
 class 3 Q3 83 1,9247 ,79416 
 
A3.2.4 Self-concept 
   N Mean Std. Deviation 
CG total Q1 141 2,3867 ,72627 
 total Q2 141 2,4671 ,73117 
 total Q3 141 2,4197 ,70347 
TG total Q1 226 2,6621 ,63680 
 total Q2 226 2,6924 ,69476 
 total Q3 226 2,5698 ,70256 
TG with post work Q2 92 2,7995 ,67632 
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   N Mean Std. Deviation 
 with post work Q3 92 2,6427 ,70530 
CG Female  Q1 54 2,2067 ,78881 
 Female Q2 54 2,3056 ,74908 
 Female Q3 54 2,2698 ,76811 
 Male Q1 87 2,4984 ,66502 
 Male  Q2 87 2,5673 ,70565 
 Male Q3 87 2,5673 ,70565 
TG Female  Q1 78 2,3132 ,63311 
 Female Q2 78 2,3523 ,65413 
 Female Q3 78 2,2328 ,65304 
 Male Q1 148 2,8459 ,55867 
 Male  Q2 148 2,8716 ,64883 
 Male Q3 148 2,7473 ,66342 
CG lower secondary 
level 
Q1 58 2,3236 ,70722 
 lower secondary 
level 
Q2 58 2,4310 ,74013 
 lower secondary 
level 
Q3 58 2,3427 ,66580 
 upper secondary 
level 
Q1 83 2,4307 ,74035 
 upper secondary 
level 
Q2 83 2,4923 ,72829 
 upper secondary 
level 
Q3 83 2,4736 ,72774 
TG lower secondary 
level 
Q1 50 2,5532 ,61416 
 lower secondary 
level 
Q2 50 2,5629 ,64923 
 lower secondary 
level 
Q3 50 2,3457 ,65776 
 upper secondary 
level 
Q1 176 2,6930 ,64141 
 upper secondary 
level 
Q2 176 2,7292 ,70458 
 upper secondary 
level 
Q3 176 2,6334 ,70360 
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   N Mean Std. Deviation 
CG class 1 Q1 46 1,8424 0,65851 
 class 1 Q2 46 1,9918 0,62937 
 class 1 Q3 46 2,0423 0,60111 
 class 2 Q1 39 2,9299 0,53447 
 class 2 Q2 39 3,0925 0,5379 
 class 2 Q3 39 2,8857 0,64 
 class 3 Q1 56 2,4554 0,57328 
 class 3 Q2 56 2,4219 0,60704 
 class 3 Q3 56 2,4053 0,63853 
TG class 1 Q1 52 2,1439 0,66906 
 class 1 Q2 52 2,1185 0,72158 
 class 1 Q3 52 2,0175 0,71897 
 class 2 Q1 91 3,0958 0,42318 
 class 2 Q2 91 3,1368 0,51726 
 class 2 Q3 91 3,0094 0,56378 
 class 3 Q1 83 2,5112 0,48546 
 class 3 Q2 83 2,5648 0,5123 
 class 3 Q3 83 2,4337 0,50732 
A3.2.5 Interest in science 
   N Mean Std. Deviation 
CG total Q1 144 2,3191 ,76521 
 total Q3 144 2,3757 ,71239 
TG total Q1 230 2,5415 ,70806 
 total Q3 230 2,5254 ,71856 
TG with post work Q1 93 2,608 ,68893 
 with post work Q3 93 2,5945 ,70367 
CG Female  Q1 55 2,2238 ,70238 
 Female Q3 55 2,219 ,74179 
 Male  Q1 89 2,378 ,79976 
 Male Q3 89 2,4724 ,67988 
TG Female  Q1 82 2,2143 ,68060 
 Female Q3 82 2,1841 ,75120 
 Male  Q1 149 2,7151 ,66251 
 Male Q3 149 2,6962 ,66275 
CG lower secondary 
level 
Q1 60 2,1429 ,76908 
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   N Mean Std. Deviation 
 lower secondary 
level 
Q3 60 2,2298 ,67828 
 upper secondary 
level 
Q1 84 2,445 ,74154 
 upper secondary 
level 
Q3 84 2,4799 ,72178 
TG lower secondary 
level 
Q1 50 2,4486 ,56631 
 lower secondary 
level 
Q3 50 2,3914 ,67056 
 upper secondary 
level 
Q1 181 2,5618 ,74360 
 upper secondary 
level 
Q3 181 2,5484 ,75126 
CG class 1 Q1 46 1,9042 ,77334 
 class 1 Q3 46 1,9203 ,74412 
 class 2 Q1 40 2,7714 ,64685 
 class 2 Q3 40 2,8107 ,56349 
 class 3 Q1 58 2,3362 ,65408 
 class 3 Q3 58 2,4368 ,56111 
TG class 1 Q1 54 1,989 ,74723 
 class 1 Q3 54 1,955 ,75990 
 class 2 Q1 93 3,0108 ,51475 
 class 2 Q3 93 2,9811 ,53268 
 class 3 Q1 84 2,3656 ,51739 
 class 3 Q3 84 2,3574 ,58762 
A3.2.6 Interest in experimentation 
   N Mean Std. Deviation 
CG total Q1 144 2,213 ,85427 
 total Q3 144 2,1968 ,76278 
TG total Q1 230 2,2899 ,77130 
 total Q3 230 2,3014 ,83002 
TG with post work Q1 93 2,3405 ,79852 
 with post work Q3 93 2,362 ,89639 
CG Female  Q1 55 2,2061 ,85223 
 Female Q3 55 2,103 ,78534 
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 Male  Q1 89 2,2172 ,86032 
 Male Q3 89 2,2547 ,74709 
TG Female  Q1 81 2,0782 ,78576 
 Female Q3 81 2,0412 ,86664 
 Male  Q1 149 2,4049 ,74087 
 Male Q3 149 2,443 ,77638 
CG lower secondary 
level 
Q1 60 2,0389 ,93899 
 lower secondary 
level 
Q3 60 2,1111 ,78274 
 upper secondary 
level 
Q1 84 2,3373 ,77008 
 upper secondary 
level 
Q3 84 2,2579 ,74688 
TG lower secondary 
level 
Q1 50 2,2067 ,77046 
 lower secondary 
level 
Q3 50 2,1467 ,93110 
 upper secondary 
level 
Q1 180 2,313 ,77208 
 upper secondary 
level 
Q3 180 2,3444 ,79719 
CG class 1 Q1 46 1,9275 ,84886 
 class 1 Q3 46 1,8623 ,83022 
 class 2 Q1 40 2,5 ,90267 
 class 2 Q3 40 2,5833 ,75391 
 class 3 Q1 58 2,2414 ,76164 
 class 3 Q3 58 2,1954 ,57578 
TG class 1 Q1 53 1,8742 ,84537 
 class 1 Q3 53 1,8553 ,90702 
 class 2 Q1 93 2,6165 ,72055 
 class 2 Q3 93 2,5842 ,73336 
 class 3 Q1 84 2,1905 ,61504 
 class 3 Q3 84 2,2698 ,75601 
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A3.2.7 Interest in a career in physics 
   N Mean Std. Deviation 
CG total Q1 141 1,9291 1,24391 
 total Q2 141 1,8664 1,16755 
 total Q3 141 1,8664 1,16755 
TG total Q1 226 2,2021 1,17546 
 total Q2 226 2,1881 1,12619 
 total Q3 226 2,2021 1,15083 
TG with post work Q1 92 2,2717 1,15885 
 with post work Q2 92 2,25 1,13187 
 with post work Q3 92 2,25 1,13187 
CG Female  Q1 54 1,537 1,15182 
 Female Q2 54 1,4938 1,21958 
 Female Q3 54 1,5247 1,14669 
 Male Q1 87 2,1724 1,24293 
 Male  Q2 87 2,0977 1,07759 
 Male Q3 87 2,2184 1,13760 
TG Female  Q1 78 1,6752 1,05132 
 Female Q2 78 1,703 1,08334 
 Female Q3 78 1,7222 1,11194 
 Male Q1 148 2,4797 1,14499 
 Male  Q2 148 2,4437 1,06578 
 Male Q3 148 2,455 1,09223 
CG lower secondary 
level 
Q1 58 1,6667 1,15470 
 lower secondary 
level 
Q2 58 1,6810 1,14465 
 lower secondary 
level 
Q3 58 1,7069 1,15314 
 upper secondary 
level 
Q1 83 2,1124 1,27757 
 upper secondary 
level 
Q2 83 1,996 1,17274 
 upper secondary 
level 
Q3 83 2,1245 1,18563 
TG lower secondary 
level 
Q1 50 1,8333 ,94821 
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   N Mean Std. Deviation 
 lower secondary 
level 
Q2 50 1,7967 1,06442 
 lower secondary 
level 
Q3 50 1,8133 ,99696 
 upper secondary 
level 
Q1 176 2,3068 1,21443 
 upper secondary 
level 
Q2 176 2,2992 1,12127 
 upper secondary 
level 
Q3 176 2,3125 1,17008 
CG class 1 Q1 46 0,9275 1,03498 
 class 1 Q2 46 0,8841 ,90599 
 class 1 Q3 46 1,087 1,01940 
 class 2 Q1 39 2,8974 ,96777 
 class 2 Q2 39 2,8162 ,89246 
 class 2 Q3 39 2,735 1,08466 
 class 3 Q1 56 2,0774 ,94279 
 class 3 Q2 56 2,0119 ,88298 
 class 3 Q3 56 2,119 ,91105 
TG class 1 Q1 52 1,2628 1,01264 
 class 1 Q2 52 1,3526 1,00416 
 class 1 Q3 52 1,3269 1,06946 
 class 2 Q1 91 3,0256 ,93918 
 class 2 Q2 91 2,9194 ,95625 
 class 2 Q3 91 2,9121 ,95172 
 class 3 Q1 83 1,8876 ,87927 
 class 3 Q3 83 1,9096 ,85710 
 class 3 Q3 83 1,9719 ,91095 
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A4. Questionnaire  
The used questionnaires for all three assessment stages as well as for control and treatment groups 
are published in this section. Due to the students’ native language, the questionnaires are in German. 
A translation of the relevant scales can be found in the scale analysis section (see A1) 
A4.1 Pre-test questionnaire 
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A4.2 Post-test questionnaire 
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A4.3 Follow-up questionnaire 
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A5. Illustrations of the experiments related to the experimental day on 
“Magnetism and Materials Research”  
Magnetic Domains 
 
Electric Black Boxes 
 
 
Types of Magnetism 
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Resistance at low Temperatures  
 
 
Oscillating Circuit 
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